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Features 


® 3 Chart Sizes—9, 10 and 12 
inch, all with exceptionally long 
pen travel. 

© 3 Models—On-Off, Full Range 
Throttling and with Automatic 
Reset, designed expressly to meet 
control conditions of any 
process. 

© 3 Actuations—Mercury, 

Vapor Tension and Gas- 

Filled, permitting a wide 
selection of charts. 

© Liberal use of stainless 

steel promotes accurate 
performance and long 

life. 

@ All important connections fac- 
tory-sealed, reducing field adjust- 
ments to a Minimum. 


Convenience 


¢ The Laboratory -Calibrated 
Tube System is interchangeable 
and requires checking at only one 
point when replaced on the job. 
°Can be instantly converted 
from direct to reverse acting 
without special tools. 

The precision built fountain 
pen was specially developed to 
provide quick removal, easy clean- 
ing and fast replacement. 

e TAG unit assemblies for On- 
Off, Full Range Throttling or 
with Automatic Reset are readily 
interchangeable. This is an im- 
portant asset when the control 
set-up must be changed in the 
field to keep step with improved 
processes or changeovers. 

° These are but a few of the 
carefully studied engineering de- 
velopments which assure the 
saving of many time hours and 
production cost dollars. 

© Catalog 1200-1, sent on re- 
quest, tells the whole story. 








PORTABLE PRODUCTS CORPORATION 
® 
on: DIVISION 
PARK and NOSTRAND AVES. - BROOKLYN 5, N. Y. 








CATALOG today! 


@ Taylor Accuratus Tubing — a special development 
in mercury-actuated tube system which insures the 
accuracy of temperature records even when instru- 
ment is located several hundred feet from point of 


HIS FREE 32-page catalog is as smart as a Quiz 

Kid when it comes to Recording Thermometers. 
Itknows and tells just where and when to use a Re- 
cording Thermometer and how it works. It tells how 
aTaylor Recording Thermometer improves product 
qualityand lowers costs, by clearly indicating where and 
when waste in heating or cooling media occurs, and 
how more efficient control would eliminate it. Here 
area few other valuable facts contained in the booklet: 
¢Value of a permanent minute-by-minute record of 

process operation. 

* Three types of tube system actuation — mercury, gas, 
and vapor. 

* Wide variety of bulb forms and connecting tubings to 
give best resistance to erosion or corrosion and fast- 
est temperature response consistent with long life. 

*Records one, two or three related variables on a 
Single chart. 


__ 


measurement. 


Be sure to write for your free copy of this helpful cata- 
log today! Ask for Catalog 76-J. Taylor Instrument 


Companies, Rochester, N. Y., or Toronto, Canada. 


Instruments for indicating, recording, and controlling 
temperature, pressure, humidity, flow and liquid level. 
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Tuesday Morning Session, Oct. 16. 


ENGINEERING FUNDAMENTALS OR SPECIALTIES? 
By B. R. Teare 
INSTRUMENTS AND MAN 
By R. W. Gerard "Discussion 
HUMAN ENGINEERING AND INSTRUMENTS... 
By Commander D. L. Hibbard, USN Discussion 
FUTURE REQUIREMENTS FOR INSTRUMENTATION 
IN AVIATION Eh Salt Se 
By Major J. G. P. Callahan, USA Discussion 
THE NEW IMPORTANCE OF THOSE WHO USE 
INSTRUMENTS . <i ae , 
By Philip N. Powers ” Discussion 
THE FUTURE OF MEASUREMENT CONTROL... 
By Major Rush A. Bowman, USA Discussion 





Tuesday Afternoon Session, Oct. 16. 


CONCEPTS OF HEAT AND TEMPERATURE... 
By A. G. Worthing Discussion 
SURPLUS INSTRUMENTS FOR EDUCATION... 
By W. G. Pollard Discussion 
INSTRUMENTATION APPRECIATION 200. 
By R. D. Webb Discussion 
COOPERATION IN INSTRUMENT EDUCATION......... ° 
By H. E. Ferguson Discussion 


Wednesday Morning Session, Oct. 17. 

A VISUAL AID FOR INSTRUCTION ON ELECTRICAL 
INSTRUMENTS anda 

By D. A. Young ” Discussion 

EDUCATION FOR AN INSTRUMENTATION CA- 

REER IN THE ELECTRONIC INDUSTRY... 

By H. B. Richmond Discussion 

EDUCATIONAL ACTIVITIES OF AN INSTRUMENT 

MANUFACTURER tellement 

By L. F. Parachini Discussion 

ARMY INDUSTRIAL COLLEGE—AN INSTRUMENT 

FOR INDUSTRY-ARMED FORCES TEAMWORK... 

By Colonel Walter H. E. Jaeger, USA Discussion 

STATUS AND TRAINING OF INSTRUMENT ENGI 

NEERS AND THE RUBBER INDUSTRY... 

By Arthur W. Carpenter Discussion 





Wednesday Afternoon Session, Oct. 17. 


RADAR TECHNIQUES IN INSTRUMENTATION... 
By Everard M. Williams Discussion 
INSTRUMENTATION IN THE ELECTRICAL ENGI- 
NEERING CURRICULUM 
By Fred H. Pumphrey Discussion 
FITTING INSTRUMENTOLOGY INTO THE COLLEGE 
CURRICULUM . ‘ 
By C. O. Fairchild Discussion 
EDUCATION IN INSTRUMENTATION FOR THE 
PROCESS INDUSTRIES 
By Donald J. Bergman 
UNDERGRADUATE PREPARATION FOR THE FIELD 
OF INSTRUMENTATION . OS ae sates 
By J. C. Mouzon Discussion 
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Thursday Morning Session, Oct. 1 


SERVOMECHANISMS COURSES—THEIR PE] 
VALUE . a4 
By Donald P. ‘Campbell 
A COLLEGE COURSE FOR AN INSTRUM’ 
foo) | i case 
By S. R. Beitler Dis 
INDUSTRIAL INSTRUMENTATION FOR CHE) 
ENGINEERING STUDENTS ..w 0. 
By C. O. Miller Dis 
SPECIFICATIONS FOR THE PROFESSIONAL INS 
MENTOLOGIST . é 
By W. A. Wildhack | ‘Discu 
WHAT KIND OF INSTRUCTION A SCHOOL SHO! 
GIVE IN INSTRUMENTATION 
By Malcolm B. Hall Discus 
SURPLUS INDUSTRIAL INSTRUMENTGB.......... 
By E. A. Capelle Discus 


Thursday Afternoon Session, Oct. 18. 


X-RAYS—METHODS OF MEASUREMENT... 
By Fitz-Hugh Marshall 
INSTRUMENTATION IN THE MECHANICAL EN 
GINEERING CURRICULUM .. 
By Carl F. Kayan 
INSTRUMENTATION FOR ENGINEERS 
By B. J. C. van der Hoeven iscussion 
APPLIED PILOT PLANT INSTRUMENTATION... 02 
By W. C. Offutt Discussion 805 
LABORATORY INSTRUCTION IN INSTRUMENTA 
TION FOR UNIVERSITY UNDERGRADUATES 
By M. H. White Discussion 


NOTICE TO OTHER PERIODICALS 
Permission has been given by the Sponsors of the Conference (namely the (iy 
negie Institute of Technology and the Instrument Society of America) to repri 
any or all of the above-listed papers, provided that credit be given to the Cor 
ference and mention made of dates, place and Sponsors. 


Regular Departments 


INSTRUMENT SOCIETY NEWS... pw 
INSTRUMENT SOCIETIES CALENDAR... ' 
MANUFACTURERS’ NEW LITERATURE... 
ADVERTISERS’ INDEX . SI ke 








Published Monthly on the 15th h by 
THE INSTRUMENTS PUBLISHING COMPANY 
1117 Wolfendale Street, Pittsburgh 12, Pa. 
RICHARD RIMBACH, MANAGING EDITOR 
M. F. Béhar, Editor 
Paul Conrad, Associate Editor 
Malcolm Lovejoy, Assistant Editor 


DISTRICT OFFICES AND MANAGERS 

Boston 14: James Condon, 36 Myrtle St., Telephone Laf 
yette 0829 

Cleveland 14: C. Goldcamp, 859 Leader Bldg., Cherry 226! 

New York 17: R. K. Farnham, Room 615, 17 East 42n< 
St., Telephone Murray Hill 2-0821. 

Chicago 1: Harold W. Haskett, Room 615, 360 N. Michigan 
Ave., Telephone Andover 4299 

Cincinnati 2: Harold W. Haskett, Keith Bldg., Telephone 
Main 4260 

St. Louis 1: James R. Wright, 915 Olive St., Telep! 
Chestnut 1965 

Pasadena 1: M. D. Pugh, 35 S. Raymond Ave., Telephor 
Madison 6272 

Pittsburgh 12: C. Goldcamp, 1117 Wolfendale St., 
phone Fairfax 0161 

Philadelphia: Stuart Rogers, contact at New York « 


Subscription: U. 8S. and possessions: on 
$2.00, two years $38.00. All other countr 


" cluding Canada, one year $7.00, three 
$14.00, payable in advance (remit by Ne 
draft). 

Copyright 1945 by The Instruments Pu! 
Company, Entered as second-class matt 


uary 26, 1932, at the post office at Pit 
under the Act of March 8, 1879. 
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struments 


IBEHAR, Editor 


Education + Instrumentation 


=A Better World for All 


and indirect ways, the future careers 
Instruments subscribers will be af- 
aah he AIS-CIT Conference to be held 
tober 8. Next month's issue of Instruments 
he proceedings in stenographic com- 
Most regular features will be crowded 
editorial page will be used for 
selected by the committee in 


this 


speech to be 


ge 


( began last month’s editorial. Such 
the directive which governed 
tor’s plans for this issue, But 
is directive has just been changed: 
single speaker is to have his 
rinted on this page and (2) all 


pel 
apers are to be printed in exactly the 
ame order that they were presented. 
‘herefore your humble servant, in the 
ist of editing 5387 pages of type- 
cript—the largest number ever to go 
n one issue—in the shortest time ever 
eft for this monthly chore—has been 


] 
SUL 


irected to write an editorial as usual. 


Well, 
are 


why not? Our 
addressed to all 


usual.” 
comments 


“As 


ubseribers in all oecupational groups, 


10t to 
rial 
han from the mind, so here is one 


dueators alone. Our usual edi- 
comes from the heart rather 


+ 


hat suggests itself: 


at 


They Met, Deliberated 
and Worked for You 
6 mw special issue of 

Instruments is devoted 
to the Proceedings of a Con- 
ference which was devoted 
to your welfare and advance- 








serry 226) ment. Read it well! —MFB 
East 42nd 
Michigan Yes, read it well! Some of the titles, 
) be sure, will not attract all groups 
Telephone f readers, but we assure you that pre- 
us gems are to be found in all. 
Telephon Example: we promised on this page 
in September, to give you exclusive arti- 
Telephone eS On radar instrumentation princi- 
es, if possible by December. A month 
St., Tele f2tead of promise, you will find one by 
Ir. Williams. 
rk o-‘ice Re the discussions, too! All were 
spontaneous — necessarily so because 
top _ pra ally no one knew in advance the 
ree ars MCEXt OT any paper. 
Ne As a rule, discussions from the floor 
hing Make dull reading—as does the Con- 








re nal Record or 


any other ver- 
report of oral exchanges. Far 





from dull are those in this issue: what 
you will read is the end-product of a 
process that began with cutting up 224 
pages of the stenographic report car- 
bon-copy and mailing pieces to discus- 
sers, with rules for condensation. 

In these days when the more-or-less 
wise leaders of the great powers are 
holding conferences affecting the future 
of the human race, it is rash to apply 
the adjective “important” to one con- 
ference representing one segment of in- 
dustry and one segment of education in 
one country. But historians might well 
note that during this period of disillu- 
sionment, while clashes of _ selfish 
groups make newspaper headlines, some 
two hundred people gave three days of 
their lives (plus travel time and ex- 
pense in many cases) for the better- 
ment of Instrument Men. THIs Is IM- 
PORTANT. It is especially important be- 
cause Instrument Men are not a press- 
ure group. They are people in many 
walks of life—engineers, artisans, sci- 
entists, laborers, executives, educators, 
etc. They are you and you... 

Although most participants were 
practical men, few dreamers, the at- 
mosphere was one of idealism. Which is 
to say that most participants were 
hard-headed and tender-hearted. Hu- 
man relations were stressed more than 
at most technical meetings; the com- 
plaint was voiced that business men 
and lawyers rule America and look 
down on engineers and scientists. One 
speaker said “We are responsible; we 
have never made ourselves prominent 

.-’ This went unanswered—probably 
because those who know the other side 
know that the argument is endless. The 
other side is that most business men 
and lawyers are underdogs, too; that 
most dictatorial top dogs gain power 
and money because they worship power 
and money as ends, are sufficiently cruel 
to climb on their brothers’ shoulders, 
and are so devoid of sense of guilt that 
they not only pose as generous but fool 
themselves into believing they are su- 
permen. You’ll find mean, overbearing 
dictators among graduate engineers as 
well as among business men. 

Now guess the affiliation of the man 
who said this: 

“In general, training should be given 
in a much wider field than that in 
which the student intends to special- 
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him 


.. to enable 


ize. This is necessary . 
to have a wider field of employment 
from which to choose.” 


An educator anxious for the success 
of his students? Wrong and 
Wrong, because he is an employer (and 
a justly-famed one). Right, because he 
is a Trustee of M.I.T., where he taught 
electrical engineering 29 years ago. 

Statistics are usually dull, but we 
want to congratulate the 
ments Committee on the excellent 
cupational distribution of the speakers 
they invited: Education, 8; Armed 
Forces and government Jaboratories, 6; 
instrument manufacturing, 8; othe 
manufacturing and public utilities, 8 
The proportion of instrument-company 
spokesmen does not seem high 
one remembers that the 
dealt largely with university educatior 
and that instrument companies 
scientists well salesmen, glass 
blowers, machinists, etc. 


+ 


rignt. 


Arrange- 


oc- 


when 


Conference 


need 
as as 
As for the occupations of the othe 
150 or 170 conferees, analyze them fo: 
yourself from the registration list. 
Education predominates, because Car- 
negie Tech was the place, Carnegie 
Tech one of the and “Uni- 
versity” half the theme. But the othe: 
half of the theme, namely “Instru 
mentation,” was the magnet that drew 
busy men from hundreds or thousands 
of miles. At the Tuesday dinner the 
long-distance prize was awarded to Dr. 
Pompeo of Shell Lab in California; but 
on Wednesday Lt.-Com. Schliestett fiev 


sponsors, 





in from Europe. We’ve known both for 
years and, without asking the ve’ re 
ready to wager that neither came be- 


cause of the word “University,” both 
because of “Instrumentation.” 

Which reminds us that the more-a 
more-frequently-uttered question “Just 
what is Instrumentation?” was put t 
us between formal sessions by a nun 
ber of Conference members, including 
one invited speaker, who did not « 
sider sufficiently exact or specific ou 
1924 assertion that Instrumentation is 
the science and technology of Measure- 
ment-and-Control. Sometimes we an- 
swered, “Well, then, Instrumentation is 
whatever you say it is—as far as you 
are concerned!” 

And that, dear reader, goes for y 
Not only will it help you in your ca 
to ponder deeply over this questior 
try to formulate a specific defir 
what Instrumentation means 
but as you develop your 
ideas on the subject into a dis 
body of data and doctrines, your result- 
ing contribution may 


+ 
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ence or technology in a unique and use- 
ful way. You need not be a highly- 
educated scientist to advance any new 
science or technology. (Think of Fara- 
day, Edison, et al.) Even today, Instru- 
mentation is still in its infancy. This is 
the proper occasion to reprint a state- 
ment which probably fewer than 2% 
of our present readers have read. It 
was made in the first lecture at the 
first (1942) Instrumentation Conference 
of the AAAS: 


Not all of Instrumentation is exact science. Instru- 
mentation is other things than even an infant science 
; . It is at the same time an art . . . No simple 
answer can be given, because no simple description is 
possible of a phenomenon which has not yet assumed a 


TION AND THE UNIVERSITY. 


oomnenrteend® 


Page 754—Instruments—Vol. 18 


DAY LETTER 


[Sent to Dr. John Ward Studebaker, U. S. 
Commissioner of Education] 


In the Conference on Instrumentation and the 
University, sponsored jointly by the Carnegie In- 
stitute of Technology and the Instrument Society 
of America, the need for industrial instruments 


h . . : n 
: Variables . Methods | Measuring Automatic J 
“Measurables Choices Properties Contro) ey 
7 OR, IF POSSIBLE erm Oe A addenda : 
d ¢ ntrollables Continuous Primary t is 
r- a a chen Discontinuous | Measurin mes . 7 i 
} : . Ne Elemen risties| |i 
* Simple Mognitudes pa tall | vo “ 
| Simple Quantities Nu)) on ee of elements 
is ‘ Deflection | $454. The fa 
e | Properties — Static c+ | Record sl 
4 Mechanicat Direct on | Frecision | ing, t. 
Chemical Indirect | Seale law Chavac 7 
" Optical —  |Readability |Trans- |eristies Ml 
ye etc. Positive on} etc: | mitting, : ode] s 
b- | Conditions inferential | Kinetic: 0 a 
os Homarty #8 ened ed Register Final of - 
t Pressure (@Vacuum)| “Rapid” on ag > Elemer 
s Level “Slow” | Damping ( 
Fluid Seatit “Cheap” on wed ete, , “4 ov : 
wil Fluid Flow Rate e » | Coefticients stem 
> ensive” 

: oe (&Program)| “=*? ete. Elements } trol} 
g Chem. Frop.of Medium | “Readil . a 
ts Elec. Conditions available” (where is that of 
d- Light, x-rays, Uv,me, | OR NOT | word ‘seruraty”?) ci 
e | Composition | f 
n- ’ 
a A science, according to the Standard Dictionary, is ‘“‘knowledge . . . methodically formu- : 
“S lated and arranged in a rational system.’’ Instrumentation as things may mean whatever th 
any user of these things says it means; but Instrumentation as a science is the body of 
ye knowledge formulated and methodically arranged by The Instrumentation Manual Project. t 
s Here is one of the abridged outlines of one formulation-and-arrangement. (Promulgation t 

d authorized by The Instrumentation Manual Project but all rights reserved.) 
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definable shape: Instrumentation is like a fast-growing 
tree whose roots and branches are constantly multiply- 
ing. It is like the banyan tree which sends, from some 
of its branches, downward shoots which take root and 
eventually develop into accessory trunks so that the tree 
becomes a grove. No simple answer can be given by any 
individual today and accepted as true by all others, be- 
cause among these others there have appeared in the 
last few years some twenty or thirty who each has eon- 
tributed valuable roots or branches or accessory trunks 
(each the main trunk now!). 


As you read the Conference proceed- 
ings you will note that various dis- 
cussers as well as invited speakers ex- 
pressed differing views of Instrumen- 
tation as a body of knowledge or of in- 
strumentation as gadgets. There is no 
arbitrary limit to the number of differ- 
ent concepts: in the paper just quoted 





no fewer than 39 differc 
were listed, among them : 
15. Instrumentation is the design, 
struction, sales engineering, specifica 
installation, operation and maintena: rrr 
B and/or C. . . and/or Z: . 
(A) Gages, calipers and other linea ‘ 
struments; (B) indicating instruments + a 
cluding those for measuring variable ; a 
recording instruments; (D) testing ma: 
struments; (E) inspection equipments; 
precision laboratory instruments; (G) «\ 
tems; (H) prime-mover governors, furnac: 
(I) meters; (J) automatic controllers; (K 
controllers and switchgear; (L) photoel: 
tron-tube devices; (M) valves, dampers, et 
works, etc. (0, P, Q . . : 


There is fairly good agreeny 
ever, on the SCOPE of Instrun 
as originally tabulated about 
years ago and published sever 
without change. Nearly four ye. 
ing passed since the last printi) 
reproduced here for the informa i: 
the 6000 or 7000 new Jnstrumen 
ers who did not see it. It has of 
been amplified since first made 
you see it (the 1930 tabulatio 
three pages of Instruments and today’s 
would fill ten) but its basic scheme 
endures. 

Close to the atmosphere of this Con. 
ference, however, are two of the 39 
definitions we had prepared for the 194? 
AAAS Conference: 

87. Instrumentation is the philosi- 
phy based on (a) the proposition that 
the conditions of human society and of 
industrial processes and operations— 
i.e., the “forces of Nature”’—should MCA 
controlled; (b) the principle that be 
fore a condition can be controlled it 
must be measured; (c) the dictum that 
in order to measure a condition or prop- 
erty it must be segregated; (d) the 
slogan “If you control it manually youl. 
should control it automatically.” 

39. Instrumentation is the common in- 
terest, curiosity, fascination, inclination, 
enthusiasm, attraction, devotion, . . . etc, 
which binds us together. 


efinitiong 
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THE TWO ACTIONS TAKEN BY THE CONFERENCE BY UNANIMOUS VOTES 


TELEGRAM 


[Sent to Rep. McDonough, to all members of the 
House and Senate Military Affairs Committees and 
to all Pennsylvania Senators and Representatives. ] 


In view of the critical shortage of scientific per- 
sonnel, it is the desire of the Conference now in 
session on Instrumentation and the University 
sponsored jointly by the Carnegie Institute of Tech- 
nology and The Instrument Society of America, 
that favorable action be taken immediately on H.R. 
2827 introduced by Congressman G. L. McDonough 
on April 2, 1945.—CONFERENCE ON INSTRUMENTA- 


for laboratory instruction was stressed. This con- 
ference was held at Carnegie Institute of Tech- 
nology on October 16, 17 and 18 and was attended 
by educators from leading universities and schools 
of 17 states and the District of Columbia. 

In the development of an educational program to 
meet the needs, brought out by the conference, for 
trained instrument personnel, it was apparent ‘ha! 
laboratory training requires considerable qu: 
ties of individual instruments for which sch 
do not have sufficient funds. 

It is considered that surplus instruments ‘hat 
may become available would be particularly us :fu! 
for this program if they could be secured ¢ : 
nominal price. In this manner the surplus in: ru-§ ( 
ments could be put to their maximum economic ‘se. 

A motion, unanimously passed by the confer 1¢¢, 
recommends that procedures be promptly e ab- 
lished to provide for distribution of this su’ lus 
equipment to educational institutions. 


A. L. SPERRY, Instrument Society of Ameri: 
B. R. TEARE, JR., Carnegie Institute of Techi 0g! 
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For the Instrument 
of America 


ALBERT F. SPERRY, President pro tempore 


(Consulting Engineer, Hubbard 
Chicago) 


ARL KAYAN, Vice President pro tempore 
(Professor of Mechanical Engineering, 


University, New York) 


RICHARD RIMBACH, Secretary pro tempore 
(President, Instruments Publishing Co., Pittsburgh) 
LARK E. FRY, Treasurer pro tempore 
(Instrument Engineer, Westinghouse Electric Corp.) 
_J. 8. PIGOTT, Past-President Pittsburgh Section 
(Chief Engineer, Gulf Research & Development Co.) 
Pp. G. EXLINE, Incoming President of Pittsburgh Section 
(Section Engineer, Gulf Research & Development Co.) 
.M. SUSANY, Secretary of Pittsburgh Section 
(Power Engineer, Carnegie Institute, Pittsburgh) 
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Society 


Engineering Co., 


DOHERTY 


ORGANIZATION OF THE CONFERENCE ON 
INSTRUMENTATION AND THE UNIVERSITY 


TEARE 






For the Carnegie Institute 
of Technology 


R. L. DOHERTY, President 
B. R. TEARE, Professor of Electrical Engineering (Con- 


ference Chairman) 


Columbia neering 


W. L. McCABE, Head of Department of Chemical Engi- 


R, F. MEHL, Head of Department of Metallurgy and 


neering 


Department 


CO-CHAIRMEN FOR ARRANGEMENTS 
RICHARD RIMBACH for I.S.A. 


TECHNICAL SESSION CHAIRMEN 


Director of Metals Research Laboratory 
DOUGLAS MINER, Assistant Director, College of Engi- 
neering and Science 
Cc. C. MONRAD, Professor of Chemical Engineering 
D. C. SAYLOR, Associate Professor of Mechanical Engi- 


FREDERICK SEITZ, Head of Department of Physics 


J. C. WARNER, Dean of Graduate Study, College of 
Engineering and Science, and Head of Chemistry 


B. R. TEARE for C.I.T. 


Tuesday morning session—R. J. S. PIGOTT, Chief Engr, Gulf Research & Dev’t Co. (1.S.A.) 
Tuesday afternoon session—W. L. McCABE, Head of Dep’t of Chem. Engrg, C.I.T. 
Wednesday morning session—DOUGLAS MINER, Ass’t Dir., Engrg & Science, C.I.T. 
(substituting for Professor SEITZ who was called to Washington) 

Wednesday afternoon session—A. F. SPERRY, President, I.S.A. 

Thursday morning session—E. M. WILLIAMS, Assoc. Prof. of Elec. Engrg, C.I.T. 
Thursday afternoon session—P. G. EXLINE, Section Engr, Gulf Research & Dev’t Co. (I.S.A.) 


COMMITTEES APPOINTED DURING CONFERENCE 
The Conference took action on two matters affecting legislation or decisions by Federal agencies. 
Each was decided by a unanimous vote; and in each case the Session Chairman appointed a committee 
to embody the desires of the Conference in a telegram to the appropriate officials in Washington. For 
texts of telegrams, see facing page. 
1. Deferment of scientific personnel (appointed by Session Chairman Miner): Chairman, P. N. 


Powers, Naval Ordnance Laboratory; F. H 


search; R. Rimbach, Sec’y pro 


tem of I.S.A. 


Pumphrey, General Electric Co.; R. J. S. Pigott, Gulf Re- 


2. Surplus Instruments (appointed by Session Chairman Williams): Chairman, R. C. Darnell, 
Instrument Development Labs.; Ernest Capelle, former Chief of WPB Instrument Branch; S. R. Beitler, 


Ohio State University. 


Conference members met Tuesday 


and ednesday evenings at informal 
dinners. No stenographer: the “Pro- 
ceedings” live in our memories. 

The University Club was the scene 
of tho first; Carnegie Tech was “host” 
and ''rofessor Teare was Toastmaster. 
Pres’ ‘ent Doherty extended the official 
wele’ ne and Professor Mehl spoke on 


his recent experiences in South America 


CONFERENCE DINNERS 


and Europe, showing lantern slides of 
scenes of interest to technical men, re- 
porting on conditions, calling attention 
to elaborate plans for scientific research 
in Russia and other countries, and 
pleading for support of research here. 

The Wednesday dinner was held at 
the Schenley Hotel; the I.S.A. was 
“host” and Secretary Rimbach Toast- 
master. President Sperry gave a brief 


inspirational talk and the illustrated 
lecture was given by Dr. C. R. Hanna 
of Westinghouse Research, whose sub- 
ject was “Gyro Stabilizers.” These are 
the automatic controllers invented by 
Dr. Hanna, which enabled tank gun- 
ners in field tests to score 70% hits 
while racing across rough ground (1% 
without stabilizers), and correspond- 
ingly increasing our fire-power. 
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OFFICIAL ATTENDANCE RECORD, CONFERENCE ON 
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PROCEEDINGS OF TUESDAY MORNING SESSION, OCTOBER 16, 194 


Engineering Fundamentals or Specialt es: 


Opening Address, Conference on Instrumentation and the University 


By B. R. TEARE, Head, Electrical Engineering Department, Carnegie Institute of Technology, Pittsburgh 


N behalf of the Carnegie 
() Institute of Technology 

and the Instrument Soci- 
ety of America I extend to you my 
heartiest welcome to this Confer- 
ence. We are very happy to have 
you here to renew old friendships 
and to get acquainted with those 
of you who have not been here be- 
fore. We trust that the program 
that has been arranged will come 
up to your highest expectations. 

This Conference grew out of a 
series of discussions between 
members of the instrument soci- 
ety and of the faculty. Instrumen- 
tation, the science and technology 
of measurement and control, is of 
great importance and of very 
broad application. It underlies 
and pervades all the many rami- 
fications of industry, more often 
cutting across the different 
branches of engineering and sci- 
ence than staying within conven- 
tional boundaries. Many of the 
manufacturers and users of in- 
struments, and teachers as well, 
feel that more can and should be 
done in the colleges to prepare 
men for work in the field of In- 
strumentation. The question is, 
how may this best be accom- 
plished? Educational improve- 
ments to the desired end might 
take the form either of new spe- 
cialized courses, or of greater em- 
phasis on fundamental principles 
together with more examples and 
applications drawn from Instru- 
mentation. Either change implies 
that something else must be 
dropped from curricula that are 
already overcrowded. It may be 
that general agreement as to de- 
tails of best procedure cannot be 
obtained, but at least a sound 
basis for making a choice will be 
provided by the discussions of 
this Conference. 

The chief difference of opinion 
undoubtedly lies in the choice of 
educational purpose — whether 
general, fundamental principles 
should be taught together with 
considerable emphasis on how to 
apply them in new situations, or 
whether the instruction should be 
directed toward specific instru- 
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ments and specific current proce- 
dures. The latter prepares a stu- 
dent to be more immediately use- 
ful to his employer but does little 
to prepare him for leadership in 
extending knowledge and prac- 
tice, which is the goal of the for- 
mer. On the other hand, if educa- 
tion is directed primarily to gen- 
eral principles, it is inevitable 
that the employer must complete 
the student’s training with a pro- 
gram of post-college instruction. 

The difference in point of view 
is not confined to education in In- 
strumentation: indeed, it is com- 
mon to every aspect of engineer- 
ing education. The trend appears 
to be in the direction of teaching 
the fundamentals more thorough- 
ly with less time devoted to spe- 
cific subjects and practices that 
are immediately useful. There are 
several reasons for this trend, 
chiefly : 


(1) the fact that engineering at its 
highest level is more directly concerned 
with developing new apparatus, instru- 
ments and procedures than with dealing 
solely with old ones; 

(2) engineering has expended to such 
breadth—consider Instrumentation for 
example — that it seems impossible to 
include much specialization in a stu- 
dent’s program; 

(3) students rarely are in a position 
to choose a narrow specialty and ex- 
perience shows that even when they do, 
they often do not follow it. 


Thus, from the point of view of 
general changes in education, it 
would seem that the field of In- 
strumentation would be served 
best not by trying to introduce 
specialized courses in particular 
phases of the subject but by plac- 
ing greater emphasis throughout 
the program on the applications 
of general principles to Instru- 
mentation problems, and by mak- 
ing the students more aware gen- 
erally of the problems in the field. 
This might or might not require 
new courses. 

The last few years, when at- 
tendance has been low, have been 
a period of intensive stock-tak- 
ing and planning in the schools. 
Every institution has had its 


post-war planning com 


7 : , Lee: 
and interest in curriculum 


lild. 

















ing is running at a new higifMns 


level. Consequently, this is a mos 
opportune time for our del: bers. 
tions. The plans and decisions 


that we in the schools must makef™e™! 







will be based in a large measunm* 


on the needs of industry, whic 
is the ultimate consumer of oy 
product: the engineering and g¢i. 
ence graduate. And we are look. 
ing forward to the chance o 


hearing these needs discussed soe: 
prepare an adequatem® 


that we 
product to meet them. Hence this 
Conference. 


The organizing committee ha; 
brought together this group of 
responsible people representing 
instrument manufacturers, in. 
strument users, the armed forces, 
and the universities, to discus 
Instrumentation in relation t 
education. We feel it is appropri- 
ate to consider questions such as: 


(1) What qualities and what abilities 
does industry expect of the graduate’ 

(2) How can the schools best develor 
these qualities and abilities? 

(3) What specific changes should be 
made in undergraduate instruction? I: 
post-graduate instruction? 

(4) What is the present state of the 
art, and what are the trends? 

(5) How can the schools adapt their 
programs of research to be most effer- 
tive in Instrumentation? 

(6) How can engineers and scientists 
in the field cooperate with each othe 
to greatest mutual advantage? 


During the next three days in 
which we are exchanging ideas, | 
am confident that we will find an- 
swers to these questions and t 
the many more that will present 
themselves. My associates an 
will do everything in our pow 
while you are here to make vo 
stay most profitable, whether | 
is helping you find lodgings. 0! 
locating for you the man who call 
answer your questions, or, i!- 
deed, making you available t« an- 
swer the other man’s. May ‘his 
meeting be so successful th: > 1” 
the future other meetings w ! be 
demanded, as this one was. 
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Ww: NDER how often the men who plan or make or use 
gh | ins uments pause to consider the enormous significance 
fo, uankind of their “gadgets.” For instruments and the 
men : -ponsible for them are the sense organs of society, 
OM! tteef#the «. s and ears and nose and skin wherewith human 
UM >ujldMbeings ory out the nature of the world about them. And the 
new highwminstru nts and the machines they make possible are the 
is a mogedoers, the muscles, of society with which man acts upon 

 deliberafathis world. ; 
decisions This :s not the place, nor is there time, to develop the full 
1ust make argument that a society is a sort of organism, an epiorgan- 
» Meas rime st iding in much the same relation to the individual 
= ‘Sure en who constitute it as does a single man to his constituent 
ry, WhichM.s* ut that this is so—and in a genuinely meaningful 
€Y O! Ourfeonse, rather than as a superficial analogy—is clear from 
g and sci-Mmany detailed biological facts. Living systems have shown 
are look-M. steady trend in evolution, from homogeneous cells (bac- 
hance offiteria), through differentiated cell regions (paramecia), cell 
Cussed someggregates (some sea weeds), differentiated cell aggregates 
adequate (slime molds), true multicellular organisms (man), organ- 
[ence this ism aggregates (a locust swarm), differentiated organism 
“Eeggregates (coral reefs, families), to true epiorganisms 

(beehives, deer herds, human societies). 

littee has From earliest to most recent epochs, there has been a 
group offMdirectional drift to greater differentiation of parts in a 


resenting 
rers, in- 
ad forces, 
9 discuss 
lation t 
appropri: 
such as: 


at abilities 
rraduate? 
ast develop 


should be 
uction? Ir 


tate of the 
i? 

dapt their 
nost effec: 


| scientists 
ach other 
2? 


days in 
ideas, | 
find an- 
, and to 
present 
s and | 
r power 
ke your 







vhole and to combination of single wholes as units in a new 
and more inclusive whole. Man is more than amoeba because 
he is more elaborate in organization (as a radio network 
js to one crystal set) and because this organization enables 
him to react to more things in his environment and with 
yreater precision, power, and variability. Similarly a city 
r a nation is more than a man or a collection of savages 
yecause it has a complex organization that makes it more 
ensitive to its surroundings, think of the network of weather 
bservation stations, and more able to cope with them, think 
f Grand Coulee Dam or of the late lamented war effort. 


Now all this evolutionary sweep depends on the pressure 
f the environment, of the world or universe in which living 
hings live and reproduce. The surroundings present a suc- 
ession of problems which the individual—and so the race— 
lust solve: it must capture food, avoid danger, cover space, 
esist heat and cold and drying, establish its young. Each 
bolution permits new behavior which encounters new prob- 
ems. When solutions are not invented, the individual and 
ace die out and other, more successful ones, survive. Surely 
t would be expected that a high premium is placed on sen- 
sitivity to one’s surroundings; that animals with better 
vision, or smell, or touch, would get on better than their less 
ensitive relatives. And, in fact, it is clear from extensive 
studies that better and better sense organs appear along 
he evolutionary sequences. Moreover, it is equally clear 
hat the better sense organs, machine-gunning the primitive 
lervous system with more, and more meaningful messages, 
are responsible in turn for its evolution into a brain. The 
world acts on living individuals, it leads to an evolution of 
ensitive receptors of stimuli which leads to a swelling 
brain, which makes possible (via better muscles) more com- 
plex behavior, which exposes the individual to new stimuli, 
which . . . and we are where we came in, but one floor 
higher on a spiral staircase. The sense organs are the cat- 
lysts, really the autocatalysts, of evolution. 


And note that the sense organs of an animal are not all 
Single cells or groups of living cells. They include non- 


nted at the Conference on Instrumentation And The Uni- 
versity, Carnegie Institute of Technology, Pittsburgh, October 16- 


d by Mr. Sperry in the absence of Dr. Gerard.] 

ee, for example: “Organism, Society and Science,” Scientific 
hiv, Vol. 50, 1940, pages 340-350, 403-412, 530-535. “Higher 
of Integration,” Science, Vol. 95, 1942, pages 309-313. 








Instruments and Man 


¥. GERARD, Professor of Physiology, University of Chicago, Vice President Chicago Technical Societies Council 


living materials made and used by these cells. The fluids and 
the transparent lens and cornea of the eye—all its optic 
system except the photographic plate or retina in its depths 
—are practically composed of non-living protein fibers or 
gels. The membranes and fluids which vibrate to sound in 
the ear are similar non-living jellies or fibers. They are 
biological instruments! 


The same applies to societies. The wax comb of honey is 
made not by one bee but by the group. So for the coral pas- 
sages of lime, or the termites’ nest of wood or mud. And so 
for man’s houses and railroads and waterworks. The inani- 
mate is incorporated into the function and activity of the 
living whole. Which brings us back to the material instru- 
ments of modern civilization and to the men who conceive 
and make and apply them. For these men—the scientists and 
technologists and their instruments—are the sense organs 
of society. They are the catalysts of social evolution. They 
make and remake man’s world. 

New ideas flow from new experience which, for the human 
race, comes from new instruments. Man’s mind is not im- 
proving biologically; the geniuses of the past are not over- 
shadowed by those of the present; but man’s knowledge is 
greater because his bodily senses have been so extended by 
his instruments. As I have put it elsewhere: 

“Collective man is certainly sensible to vast terri- 
tories of the universe beyond those accessible to the 
individual. Not only the microscope and telescope, which 
extend spatial vision to the minute and the colossal; 
and the spectroscope, which extends ‘color’ far beyond 
the visible spectrum; but also electronic instruments 
which create or detect radio waves, x-rays, radioactive 
rays and particles, cosmic rays—or for that matter, 
the simple compass needle which detects a magnetic 
field—all inform us of phenomena completely foreign 
to man’s biological senses.” 


Instruments extend the range, the discrimination, the sen- 
sitivity, the precision of our senses. And each increment 
brings new facts, new experience, to our minds and stimu- 
lates them to new adventures, new ideas. As Sir James 
Jeans pointed out: 

“Just as Tycho’s eight minutes of arc, in the hands 
of Kepler and Newton, revolutionized medieval con- 
ceptions of the universe, so Leverrier’s 43 seconds of 
arc in the hands of Einstein, has revolutionized our 
nineteenth century conceptions . . . of the nature of 
time and space and the fundamental ideas of science.” 


Only better and better instruments enable man to deal 
with arcs by degrees, then by minutes, then by seconds. 

And only science is truly cumulative and universal in 
human history. Art, religion, culture is individual or local 
in time and space. Shakespeare’s writings did not enable his 
followers to write even better than he; ethical beliefs and 
moral practices are different for great groups of mankind 
and at different epochs for each group; visiting or eating or 
dressing is performed in accord with the shifting dictates 
of custom and fashion. But Newton could truly say, “If I 
saw farther ’twas because I stood on the shoulders of 
Titans.” And Japanese as well as American guns fire in 
accord with the same laws of ballistics. 

From instruments comes a steady barrage of new stimuli 
to the epiorganism, and from these there must eventuate, 
sooner or later, a better “brain” for society—more universal, 
more effective, more integrated social organs for making 
all humanity a global entity. What institutions will serve, 
how they are to be created and tested, cannot be predicted, 
but that they will come seems certain. I should think that 
the instrument men and their objective approach to prob- 
lems will play a decisive réle. I should think that scientists 
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N the past few years there has been 
] a rapid development of ingenious 
instruments and, paralleling this de- 
velopment, there has been a commend- 
able increase in the effective use of in- 
struments. These products have been 
necessary because technology has ad- 
vanced to a point beyond the ability of 
our human sensory systems to react. To 
control the vehicles and machines of the 
future, the trend will be to depend more 
on indications from instruments and 
less on the “feel” or “sound” of equip- 
ment in motion. 

With the changes in technology, there 
should theoretically be concurrent mod- 
ifications in the human body. Perhaps 
it is fortunate that Nature cannot be 
easily or quickly changed, for it would 
not take long for the engineers to make 
freaks out of human beings. Not only 
do we, as a people, abhor the idea of de- 
forming the human body to satisfy ob- 
jective conditions; but, as a nation, we 
have always preferred to redesign 
equipment rather than to select individ- 
uals for special functions. For instance, 
it would be easier to design racing cars, 
fighter planes or gun turrets for very 
small, light men, yet such selection con- 
cepts have been dismissed almost before 
they were considered. 

In aircraft, for example, the cockpits 
have. made allowance for substantial 
variations in the physical and mental 
differences in pilots. On the other hand, 
this war has produced only one really 
successful device in aircraft for mod- 
ifying the man. The pilots’ require- 
ments of oxygen to breathe, goggles to 
relieve eye strain, instruments within 
view, controls within reach, protection 
from wind, etc.. were satisfied, but 
there seemed to be no effective solution 
to “blackout” when the body was sub- 
jected to severe and continued centri- 
fugal forces. It was only as a last re- 
sort that the pressure suit was de- 
signed to change pressures in the hu- 
man circulatory system: By modifying 
the man, the objective was accom- 
plished. Although this is an interesting 
approach, it seems advisable to devote 
our energies, for the present, to helping 
“man as he is.” Perhaps some other na- 
tion will prefer to produce a super pilot 
by making him eagle-eyed with drops in 
his eyes, keep him alert with drugs, 
give him courage with dope, ease his 
pain by sedatives, etc. To the engineers 
of this country the challenge is to at- 
tain the same ultimate objectives by de- 
signing equipment around the man who 
is to use it. 

The interest of engineers in the field 
of instrumentation appears to have 
been essentially that of solving a prob- 
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Human Engineering and Instruments 


By Commander D. L. HIBBARD, Director Special Devices Div., Office of Research & Inventions, Navy Dep’t, \ 


lem in such a way that it would be ap- 
preciated by other engineers. Unfortu- 
nately, this is only a partial solution, 
as a few examples will indicate: 

(1) Many engineers are surprised to 
learn that a pilot is not interested in 
the actual cylinder head temperature 
of his engine—frankly, he doesn’t care 
Centigrade or Fahrenheit — he only 
whether it is 100°, 200°, or 900°, either 
wants to know whether it is reasonable; 

(2) If one were to ask automobile 
drivers what oil pressure is correct for 
their car engines, it would be quickly 
realized that the instrument is made to 
satisfy an engineer—a good instrument 
and an excellent job of calibration per- 
haps—but certainly the gage was not 
“designed for use” by the average 
driver. If a car will run undamaged 
for five minutes at high speed without 
any oil pressure, the engineers have 
tacitly made the assumption that every 
human driver will check his oil pres- 
sure gage at least once every five min- 
utes while driving—a rather fanciful 
assumption; 

(3) The present ammeters on most 
cars are often a source of unnecessary 
worry. In the old days the ammeter 
would usually indicate that the genera- 
tor was charging the battery at a rea- 
sonable rate and one could turn on the 
lights to reduce that rate when he 
wanted to show his technical prowess. 
Now, however, this excellent instrument 
registers zero most of the time. To say 
the least, such an indication is of no 
value—either psychological or techni- 
cal. Why not put the instrument under 
the hood so as to prevent worrying the 
befuddled occupants of the car? 

An examination of the instrumenta- 
tion in ships, on submarines, in rail- 
roads, in buses, in planes and even in 
industrial power and heating plants 
often shows an imposing array of beau- 
tiful and accurate equipment, with the 
human engineering aspects almost in- 
variably ignored. It would be interest- 
ing to study examples of these types of 
instrumentation, but it will only be pos- 
sible to select one type for brief discus- 
sion today. The remainder of this paper 
will be devoted to a discussion of in- 
strumentation in aircraft from the hu- 
man engineering viewpoint. 

Instrumentation in aircraft can be 
divided into three parts—flight, power, 
and navigation. To fly an aircraft un- 
der instrument conditions requires not 
only a considerable amount of training, 
but also continual “refresher” training. 
Few pilots are willing to fly on instru- 
ments if they have gone as much as six 
weeks without some “practice.” This is 
necessary, not because the pilot forgets 
how to fly, but because of what he has 
to do when “on instruments”—a process 
so unnatural that he has difficulty re- 
membering it with confidence. The prob- 
lem is primarily a psychological one 





ft0n 
but, if it exists and if most , 
such trouble, then it is up to 
neers to change the prescribe 
ments. Actually, instrument | 
day consists of a mechanical] I 
in which the pilot attempts tc 
ize or match pointers so as to 
normal] straight flight. Deviati, 
this neutral position requir Lick 
thinking, a correlation of vari 
strument readings and a decisio) 
the appropriate action required. 
judgments may appear simple to =» ep. 
gineer on the ground, but imagine ¢} 
conditions under which the instrument: 
are really used. The pilot “on : 
ments” is being bounced and jerked jy 
the rough air; his radio is pr 
useless because of static; the ca 
tor temperature shows that icing 
likely; the fuel gage (which is ; 
quite accurate) is moving { 
empty; the compass is indicating every 
direction equally; the incessant 
ing of motors is in his ears superposed 
on the static; the instrument lights 
cause short hypnotic spells which hy 
must resist; the wind is blowing him of 
course; and he isn’t sure where he js 
Yes, these are the conditions 
which instruments require that he kee 
thinking, deciding, and correcting- 
thinking, deciding, and correcting, me- 
thodically and without error for hours 
on end. Unfortunately, the frailty of 
man is such that he cannot stand such 
strain for long. 

The pilot always prefers “contact” 
flight, for this is far easier for him 
than instrument flying. Contact flight 
is not accomplished simply by sensitiz- 
ing the seat of a pilot’s pants. Actually 
many of his so-called natural reactions 
in the air are based on a composite 
view of his surroundings. The pilot does 
not necessarily use the horizon line as 
a reference for he often uses peculiar 
conditions in the surrounding terrain 
with considerable emphasis on the fore- 
ground. Thus, in turning and banking 
an airplane on contact flight, the pilot 
estimates a balanced condition of th 
visible horizontal surface while watch- 
ing a mass movement of this surface 
under the aircraft. When such factors 
are eliminated, there is a strain to fly- 
ing and therefore it is profitable to en- 
gineer, if possible, an instrument which 
simulates the conditions of effortless 
flight. Such instruments are now wnde! 
development and some have passe. thi 
initial tests very satisfactorily. | 
were to forecast the optimum ty) 
instrument on the basis of known ‘ech 
nological developments, a fog-« 
television device would be select 
device which would not only 
safe flight at altitudes, but also 
possible blind take-offs and la: 1s 
with reasonably normal contact 
tions. From a human engineerin: 
point, this simulated flight ins’ 
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The eye-strain and vertigo caused by 
the coitinual refocusing of the eyes 
first on distant objects of one bright- 
ness and then on the delicate instru- 
ments in another brightness pattern 
must be eliminated. It is easy enough to 





say that when a pilot is flying on in- 
struments he should not try to look out. 
Unfortunately, we cannot change the 
nature of others by an act of will, and 
under trying conditions I have found 
myself looking intently into cloud and 
fog when I knew it was both hopeless 
and foolish. A man wants to look where 
he is going, and apparently one cannot 
kill this desire and his optimism in even 
one short generation. If this is the case, 
then arrangements should be made so 
that a pilot can look at his instruments 
while looking ahead. This was done with 
the optical gun sight and can be ac- 
complished with the more important in- 
struments. To minimize eye-strain it 
will be necessary to project the optical 
views of the instruments to infinity so 
that the eyes will not need to readjust. 
Preliminary tests indicate that these 
images can probably be reflected from 
a large wind screen. 

As an example of poor human engi- 
neering on an aircraft instrument, one 
need only point to some of the present 
altimeters. As the altitude of aircraft 
has increased, the instrument has not 
been redesigned to provide a simple 
presentation, but instead it has been 
complicated by the addition of two 
more hands, so that one hand in one 
revolution indicates 1,000 feet, another 
indicates up to 10,000 and the third 
takes it on up. With three hands on 
one instrument dial it is virtually im- 
possible for an ordinary man to glance 
at it and know his altitude—frankly, 
even the intelligent experienced pilot 
fails. With the new high-speed aircraft 
which in military operations may dive 
from 20,000 to 2,000 feet in a matter 
of seconds, it is necessary to have an 
instrument which can be read easily. 
Research should be done in the design 
of en altimeter having on its face an 
ope’ window in which altitudes can be 
nted directly in figures. Certainly 
in Suture operations it will be necessary 
to “now one’s altitude with even greater 
sion than at present. 

e present vertical-speed or rate- 
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of-climb indicators are highly sensitive, 
but cannot be read accurately except 
under extremely smooth air conditions. 
Since the value of this indicator is its 
indication of a percentage of descent 
or climb, it would be beneficial if this 
indication could be combined with the 
altimeter by an additional sweep hand. 
This would not only simplify let-down 
procedure, but it would also eliminate 
one instrument from the panel. From a 
use viewpoint, such a combination is 
desirable. 

The present air-speed indicator tries 
to calibrate air speeds from 0 to 800 
knots in a single revolution on a 2%” 
diameter dial. Speed changes of less 
than five knots cannot be determined 
by the pilot under flight conditions. 
Since speeds will be even greater, it is 
probable that the open window type of 
instrument, similar to the suggested 
altimeter, will be required for ease and 
accuracy of reading. 

When the flight problem is reduced 
to an air-speed indicator, an attitude 
indicator and an altimeter designed 
along human engineering lines, the 
time for indoctrinal training in instru- 
ment flight can be greatly reduced, and 
the time required for refresher work 
will no longer be a problem. 

The method of indication of power 
instruments in present aircraft is highly 
complex. The average aircraft’s power 
instruments consist of a minimum of 
eight to ten different indications which 
are considered necessary to enable the 
pilot to determine engine condition. 
Each dial has a different type of cali- 
bration, requiring a shift in the pilot’s 
thinking from one type to the other. 
Some are large-size instruments where- 
as others are small. The location has 
been fairly well established, but there 
is still a lack of complete grouping. 

Pilots have been asked how they de- 
termine whether their engine is func- 
tioning properly and how their power 
instruments give this indication to 
them. The consensus among pilots is 
that they do not rely on the amount of 
indication but rather on the position 
of the indicating needle. The amount of 
indication varies with various types of 
aircraft. For example: Fuel pressure 
in most aircraft amounts to approxi- 
mately four pounds, whereas, in fighter 
types, the fuel pressure may run 
around eighteen pounds. When a pilot 
who has been accustomed to reading 
four pounds suddenly finds himself 
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looking into an instrument giving an 
indication which is four times larger, 
he is disconcerted. 

It is interesting to note the indica- 
tions for the various power plant in- 
struments that must be read and men- 
tally calculated by the pilot. The units 
as well as calibration vary with each 
instrument. Here are examples: An oil 
gage reads from 60 to 90 pounds; the 
manifold during normal cruising reads 
approximately from 25 to 30 inches; 
the tachometer reads from 1900 to 2900 
r.p.m.; cylinder-head temperature will 
be roughly in the neighborhood of 150 
Centigrade. It is apparent that there is 
little similarity between the various in- 
struments, yet each one should be read 
correctly to assure the pilot that the 
engine is functioning properly. 

One step which has been made toward 
the simplification of power plant in- 
strument reading is the addition of red 
and green ares which are painted on 
the dial glass of the individual instru- 
ments. This permits the pilot to deter- 
mine rapidly whether the indicator 
needle is either in the red or green sec- 
tor—red indicating a maximum limita- 
tion, and green indicating a normal 
safe condition. This method, however, 
does not eliminate the complex mass of 
varying indications which register in 
the pilot’s eye. It does not eliminate the 
necessity for the pilot to segregate one 
instrument from the other. It is not un- 
common for a pilot to read the tachom- 
eter indication for manifold pressure 
and vice versa, nor is it uncommon for 
a pilot under strain to find himself 
steering his cylinder-head temperature 
as a course indication if those figures 
closely approximate his compass read- 
ing! With the advent of supersonic air- 
craft, calculations of this type must 
be made in split seconds—which will be 
impossible unless some change is made 
in present types of indication. 

Certain commercial airlines at one 
time adjusted all instruments on the 
instrument panel in such a manner that 
when the aircraft was cruising, all 
needles would align themselves either 
horizontally or vertically. This, as well 
as the addition of the red and green 
ares, is a definite indication that pilots 
are asking for a pattern indication 
rather than a quantitative figure. Re- 
search should be done in the develop- 
ment of a straight-line instrument 
which would combine all the various 
power-plant conditions into one unit. 
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In this type of instrument, the range 
of indication would be over a series of 
conditions rather than a designated 
amount. If such an instrument were 
available, then any pilot could deter- 
mine the condition of his engine at a 
glance, for a reasonably straight line 
would indicate that his engine was 
functioning properly whereas a hump 
in that line would show that a faulty 
condition existed. 

Certain simplifications could be made 
by eliminating instruments from the 
panel and by replacing them with in- 
dicator warning lights. Instruments 
such as oil-pressure, fuel-pressure or 
carburetor-temperature indicate only a 
condition and cannot be corrected by 
the pilot: they are merely a means of 
warning him if his engine is not func- 
tioning properly. Although it may not 
be practical to eliminate these instru- 
ments from the aircraft since the me- 
chanic may need them in order to check 
his engine thoroughly before flight, it 
may be advisable to remove them from 
the instrument panel and place them in 
another position in the aircraft so as to 
relieve the pilot of viewing any indi- 
cations other than those absolutely 
necessary to his flight. 

Still further simplifications in this 
group can be achieved by making cer- 
tain conditions fully automatic. In the 
case of the cylinder-head temperature, 
for instance: this condition can be cor- 
rected by the operation of cowl flaps 
or the adjustment of throttle or mix- 
ture control. This action can be thermo- 
statically controlled and will eliminate 
the need of an instrument for the pilot’s 
use. Such corrections constitute the sim- 
plest forms of human engineering. 

In addition to the flight problem and 
the power problem, it is necessary for 
the pilot to navigate his plane for long 
distances under varying conditions. A 
great many aids have been given to the 
pilot to simplify this problem, such as 
radar, YG, Loran, and of course the 
standard radio range. All of these still 
require considerable thinking and men- 
tal calculation on the part of the pilot, 
as well as extensive training. Naviga- 
tion is in a sense a mathematical prob- 
lem, and it is believed that the develop- 
ment of an automatic computer for 
navigation is necessary. If the prob- 
lems of navigation can be eliminated 
from the pilot’s mind, he can then con- 
centrate on the main objective of his 
mission. There is ample reason for the 
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worry caused the carrier pilot by the 
navigational problem. Pilots in the 
North Atlantic have experienced severe 
changes in wind directions four times 
in one hour and, on bad days, a pilot 
who was not alert to such changes 
would never see his carrier again. Im- 
agine the problem of a pilot who flies 
almost to maximum range before he is 
engaged in a dog fight for twenty min- 
utes, and then, still over water, must 
guess where he is and navigate back 
to a platform which has moved many 
miles from where it was left! No one 
can go on such a mission without wish- 
ing he had a robot navigator with him. 

The introduction of pressure pattern 
flying has opened up the possibility of 
obtaining automatic wind drift when 
flying over water. It is probable that 
the use of radar or high-frequency ra- 
dio can be used to obtain drift when 
over land masses also. If this can be 
accomplished by the use of a comput- 
ing mechanism and then correctly pre- 
sented to the pilot on a map or chart, 
the navigation problem becomes fully 
automatic. Human limitations preclude 
a satisfactory solution with the use of 
the present instruments. 

With the development of rotary-wing 
aircraft, proper navigational instru- 
mentation is an absolute necessity. So 
far as is known, there is no instru- 
ment developed to date which will de- 
termine the direction in which the heli- 
copter is moving. Some means of deter- 
mining relative motion in the air must 
be found, for it is beyond the ability 
of man to obtain a solution from pres- 
ent instruments. 

Simple solutions for determining the 
angle of attack, line of thrust, gross 
weight calculation, and other aerody- 
namic characteristics are now needed 
and all of these developments will be 
necessarily prolonged if there is not an 
immediate recognition of the physiologi- 
cal and psychological problem involved 
in human engineering. 

The instrument engineer is now 
caught in the current passion for vis- 
ual indications. On every hand one 
hears that 90% of the information re- 
ceived by individuals in this day and 
age comes through the eyes. There are 
promotional campaigns in visual edu- 
cation and training which tend to cor- 
roborate this belief. It might be well 
to stop for a moment and consider the 
fact that, at least in instrumentation, 
it is not necessary to overburden the 


eyes still more. The current use 
by aircraft personnel is reachir ch 
a point that a sudden lights-out sity. 
ation may be fatal. (In this war goo 
pilots are known to have been lost by. 
cause of failure of instrument light 
for a few seconds). Very little has 
been done in regard to flying a plane by 
means of the auditory sense, although 
such prototype equipment has been pro- 
duced and successful flights have been 
made with the pilot blindfolded. The 
ear is in many respects as sensitive as 
the eye. It can listen to at least five 
sound impressions simultaneously; it js 
possible to ignore what is not wanted 
as in sight: it is possible to fly a 
straight blindfolded as with a full view 
of the instruments. All this and much 
more is already possible and such con- 
siderations should be included in any 
study of human engineering applied t 
instruments. It must be remembered 
that instrumentation must act through 
the optical and aural instruments of 
the human machine since, at present, 
there is no short-cut to the brain. Ever 
so, there is still almost an infinite va- 
riety of ways of presenting informa: 
tion in such a way as to produce a re- 
action from man. It is a responsibility 
of the engineer to recognize these fac- 
tors and to use them when the need 
arises. 

The design of an instrument should 
include consideration of such human 
factors as the time of reaction, the tend- 
ency toward errors when tired, the dif: 
ficulty of solving even simple problems 
when under mental] and physical strains, 
the effects of color, the determination 
of factors which will make the brain 
conscious of an indicated condition, the 
limited number of stimuli to which 2 
sensory organ will respond, the ur 
necessary overloaaing of one sens 
gan such as sight, the apparently over 
powering desire of man to look wer 
he is going, night vision, appreciation 
of human errors in averaging suc! 05 
cillating motions as occur in ce: all 
instruments, and the effect of quic. re 
peated changes in focusing the «yes. 
All of these and many more ar 
real importance in the field of i! 
mentation. Engineers must do 
than provide an accurate, consist¢ 
strument—they must design it for \s 
The engineer must have the 1 
to ask not only for specifications 
size, weight, function and accura 
also obtain information on suc! 
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here the instrument is to be 
10 is to use it, how often it is 
be sulted, under what lighting 
i+ .s it will be read, and how the 
for on is to be used. 

“Jysi oS am engineering course in- 
ne to treat all variables in a 
with a reasonably equal de- 
ecuracy, SO an engineer should 
tav. nt to design instruments which 








correspond to the accuracy of the hu- 
man elements which are concerned. The 
neglect of comparatively simple ele- 
ments in human engineering has cost 
millions of dollars in training and effi- 
ciency as well as the lives of many mili- 
tary personnel. It is essential to peace- 
time efficiency that present errors be 
corrected and that new ones be mini- 
mized. One way to make sure that these 


factors are considered in the future is 
to ingrain such thinking in the minds 
of the embryo engineer. Therefore, it is 
strongly recommended that the educa- 
tion of an instrument engineer include 
(1) a study of the human factors in- 
volved in the use of instruments and 
(2) a consideration of the effective ar- 
rangement and codrdination of instru- 
ments. 


uture Requirements for Instrumentation in Aviation 


By Major J. G. P. CALLAHAN, Chief, Instrument and Navigation Branch, ATSC, Wright Field, Ohio 


N 15 August 1945 Aviation en- 
t red a new era. Commercial 
insports are now encircling 
he globe with plans visualizing several 
omplete bands of regularly-scheduled 
outes. The further development of 
ommercial air transport will make 
se of higher altitudes, higher speeds, 
upercharged cabins and jet engines. 
Private aircraft of the fixed-wing va- 
jety have a handicap out in front of 
otary wings. Helicopters should find 
heir field in the next five years con- 
buering their present obstacles of 
ibration and complicated control sys- 
ems. Design conceptions of military 
nircraft are now leading “Buck 
fogers” and “Superman” by a nose 
yhereas on 7 December 1941 they 
railed by fifteen years. 
Today, in the aviation field, aircraft 
nstruments “made in the United 
tates’ set the standards for the rest 
pf the world in quality of workman- 
hip and reliability of performance 
nder all flight and climatic conditions. 
To the Army Air Forces must be given 
nuch of the credit for this situation. 
whe research and development program 
which was initiated after World War I 
y the United States Army Air Corps 
was sustained and wisely administered 
at Wright Field during the years of 
ace. One bit of evidence to substan- 
tiate this credit is found in the fact 
hat before World War II life insur- 
knce rates quoted to Air Corps Pilots 
and crew members by the National 
Aviation Insurance Underwriters were 
ower than those quoted to Airline 
Pilots and Private Pilots. One of the 
prominent reasons which the under- 
Writers gave for this policy was that 
flight and navigation instruments in- 
stalled in aircraft of the Air Corps 
were of better quality and more reli- 
able than the equipment used in com- 
mercial and private aircraft. 
Throughout the war, our allies have 


been glad to obtain instruments which 
have been “made in U.S.A.” Careful 
éxamination and study in this country 
f our allies’ products and of captured 
enemy equipment at Wright Field, and 
at contractors’ plants have disclosed 
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many new ideas and techniques. They 
have also brought to light a surpris- 
ingly large number of direct copies of 
American designs of instruments and 
navigation equipment. Each of these 
is a compliment to the young Ameri- 
can aircraft instrument industry. 

Henry Ford once said that if he 
knew what the car of the future would 
be, he would not merely describe it— 
he would build it. Prognostications al- 
ways have limitations. Sometimes they 
have already been accomplished in the 
laboratory and merely await applica- 
tion engineering preliminary to pro- 
duction. Other times they are dreams 
of desirable solutions to problems. The 
dreams are oftentimes hazy as to 
means available to implement the solu- 
tion. However, many dreamers from 
Leonardo Da Vinci to Jules Verne to 
the author of “Buck Rogers” have been 
vindicated by subsequent events. The 
future requirements for instrumenta- 
tion in the aviation field which I am 
listing are comprised of dreams as well 
as problems for research and for de- 
velopment. I hope I can be vindicated 
half as well as Da Vinci or Verne 
have been. Here they are: 

1. The measurement and indication 
of true airspeed of aircraft from 0 to 
1000 miles per hour and of missiles 
up to 4000 miles per hour. 

2. The measurement and indication 
of true height of aircraft above the 
sea level datum up to 80,000 feet and 
of missiles up to 80 miles. 

3. Means for measuring 
temperature in aircraft. 

4. Light-weight, accurate and reli- 
able recorders of barometric pressure, 
free air temperature, and moisture con- 
tent of the atmosphere for weather 
reconnaisance aircraft. 

5. Means for insulating equipment 
from vibrations with frequencies from 
500 to 10,000 cycles per minute and 
amplitudes up to 0.060 inch, as well as 
instruments for measuring and record- 
ing vibration characteristics. 

6. A method for the determination 
and indication of the vertical in ma- 
neuvering aircraft. 

7. Automatic drift indication. 

8. A method of establishing a celes- 
tial navigation fix in aircraft using 
single observations. 


free air 





9. A dead reckoning ground posi- 
tion indicator to operate in aircraft in 
all conditions of visibility without ra- 
dio or other contact with the ground 
at the speeds and altitudes previously 
mentioned. 

10. A celestial ground position indi- 
cator for use in aircraft during day 
and night with an accuracy of +3 miles. 

11. Methods of polar navigation. 

12. Methods of life raft navigation. 

13. An automatic indication of bal- 
ance of loaded aircraft. 

14. A lubricant for gyro instru- 
ments, watches and instruments, suit- 
able for use within the temperature 
range from —85°F. to +200°F. 

15. A simple means of alloying steel 
for structural use in aircraft and mis- 
siles to reduce magnetic permeability 


and therefore reduce effect on mag- 
netic compass elements. 
16. More definite information con- 


cerning the orientation and strength of 
the earth’s magnetic field at altitudes 
up to 80,000 feet. 

17. A simple remotely-indicating 
system for engine r.p.m., pressure, and 
temperature functions in aircraft. 

18. A system for measurement of 
fuel and oil quantity in aircraft and of 
rate of fuel flow. Long-range flights 
require accurate indications of the 
quantity of fuel available at all times, 
and particularly as that quantity he- 
comes small. 

Many universities in the United 
States have been concerned only with 
basic research in the realm of physics, 
chemistry and engineering. During 
World War II the Office of Scientific 
Research and Development turned the 
universities into many new paths of 
application engineering and practical 
design which were not charted on the 
conventional maps of the curriculum. 
The universities responded with en- 
thusiasm and turned in many excellent 
performances including the Atomic 
Bomb and Radar. This wartime job 
should be the fountainhead of a trend 
in the university plan which will bene- 
fit our great country, our schools, our 
industry and our students during the 
years of peace to which we are all look- 
ing forward. 
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The New Importance of Those Who Use Instru. 


By PHILIP N. POWERS, Naval Ordnance Laboratory, Navy Yard, Washington, D. C. 


N this paper I am not considering 
I instrumentation problems as such. 

Instead, I am calling attention to a 
serious problem which has been forced 
upon you and me—the users of instru- 
ments—and one which is of vital im- 
portance to the nation as a whole. 

This country is in danger of losing a 
battle which is being fought now. It is 
the battle for supremacy in scientific 
and technical personnel resources. There 
is no question about whether this battle 
is being fought. Reports coming in from 
abroad indicate clearly that other coun- 
tries not only realize the importance of 
this basic resource but are bending 
every effort to train large numbers of 
scientists, to enhance their prestige, and 
to provide rich rewards in other ways 
for those who enter the scientific and 
technical professions. That is why we 
are in danger of losing this battle—and 
the consequence of losing it may be 
very serious. 

We had world-wide superiority in this 
resource before the war began. Our 
weapons were far inferior in quality 
and quantity to those of our enemies. 
Nevertheless, we won the war. It was 
not because we had more rubber, or 
more oil, or coal, or steel, or even be- 
cause we had more uranium. It was 
because we had more and better trained 
scientists—your colleagues and mine. 
With this resource we could make rub- 
ber and planes and ships. .. and atomic 
bombs. And we could do it faster than 
the Germans or Japs could. 

We hope that there are not going to 
be any more wars and we will make 
every effort to prevent one. This coun- 
try has already decided that the best 
way to prevent another war is.to be 
strong. Therefore we must not lose this 
battle for supremacy in science. For 
war, or for peace, it is of the utmost 
importance that we maintain our lead- 
ership. 

The importance of programs for sci- 
entific research and development as a 
basis for both military preparedness 
and peace-time prosperity is becoming 
generally recognized. The report of Dr. 
Vannevar Bush to the President and 
the five bills for the promotion of science 
now before Congress offer some evi- 
dence of this fact. These bills propose 
the establishment of some sort of Foun- 
dation with broad powers to grant 
funds, and otherwise encourage and 
coérdinate scientific research in this 
country. The future of scientific re- 
search in this country therefore looks 
promising except for one fact—too little 
attention is being given to the develop- 
ment of the basic resource of scientific 
and technical personnel. 

To be sure, these bills before Con- 
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gress also propose that some fellowships 
and scholarships be granted. To be sure, 
there has been a considerable amount 
of space in our editorial columns de- 
voted to the urgent need for the devel- 
opment of scientific talent. To be sure, 
the colleges and universities are ready 
and willing to train more scientists. To 
be sure, industry is going to offer many 
attractive positions which will encour- 
age competent young men and women 
to enter into the scientific and technical 
professions. But all of this is not enough. 

Our universities are unable to get 
graduate students in science. A large 
proportion of those who would be get- 
ting Master’s and Doctor’s degrees if 
they could are in military service. Some 
of us thought this situation would end 
with the war. It has not ended. Our 
young scientists were taken away from 
school and then they were the last to 
be drafted. They will be the last to get 
out ... and they are still being drafted. 

As a nation we have taken the smug 
position that our superiority in this re- 
source has been so great that we need 
have no fear of another nation catching 
up with us. We have been drawing and 
are continuing to draw upon the re- 
serves we possessed before the war be- 
gan as if that reserve were limitless. 
Other countries know that it is not lim- 
itless. They see the opportunity to gain 
the advantage, and they are making 
every effort to do so. Offering a few 
scholarships and fellowships is not a 
big enough program to win this battle. 

If we lose this battle, it doesn’t mat- 
ter how much money is poured into lab- 
oratories and research institutions: we 
will have lost the advantage and we 
may have no opportunity to regain it 
such as that which we are now offering 
to others. This would be the prime ex- 
ample of the familiar ‘“too-little-and- 
too-late” policies. As you and I well 
know, training programs cannot be hur- 
ried in the same reckless fashion that 
a research or production project can 
be hurried by concentrating masses of 
personnel and facilities on the problem. 

That is precisely what you can do if 
you have plenty of personnel available. 
It takes time to train people but, with 
superiority in personnel, you can if you 
wish step ahead of the enemy at any 
time in making weapons; you can de- 
velop new weapons rendering old weap- 
ons obsolete faster than he can. That 
is what happened in this war. The shift 
in military superiority from Germany 
to the United States and, in particular, 
the development of the atom bomb in 
this country provided evidence of the 
advantage possessed by us in the quan- 
tity and quality of our scientific per- 
sonnel. And the same factor will con- 
tinue to operate wherever two opposing 
forces appear. It is essential that we see 
to it that we maintain that advantage. 

Well, what can you and I do about 
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and government. It is generally referred 
to as in-service training and, except 
for the various programs related to the 
indoctrination of new personnel, is 
found only rarely for scientific per- 
sonnel. It may consist of scheduled 
courses and seminars in which latest 
developments relating to the technical 
problems of the laboratory are brought 
up for discussion. Experts in the field 
who at the same time are facile in the 
art of speaking and leading discussions 
can be made available for these meet- 
ings. If they are competently managed, 
those participating will gain a new per- 
spective in their work, exchange ideas 
and stimulate further study and the 
development of new ideas. These courses 
and seminars may be at different levels. 
Trends and innovations relating to the 
over-all work of the laboratory may be 
the subject of a series of seminars at- 
tended by the more mature scientists. 
Special seminars on instrumentation 
may be arranged for those whose re- 
sponsibility it is to design instruments. 
Special courses may be organized re- 
lating to the subject-matter of peculiar 
interest to the organization. And there 
are other possibilities. 

We have considered thus far a pro- 
gram for the development of our sci- 
entific personnel resources which has 
both immediate and long-range effec- 
tiveness. We may also consider the 
other program which looks forward to 
the time when new scientific talent may 
become available in large numbers. The 
purpose of this program is to make the 
scientific professions attractive to all 
young’ men and women who will be 
choosing careers. The need for scholar- 
ships and fellowships to assist some of 
them in getting started is obvious and 
it is to be hoped that many will be 
available. In addition, however, the 
prestige of the scientific professions 
must be enhanced. Scientists must ac- 
cept more public recognition of their 
services. You and I must receive more 
attention and be better understood by 
those who are not scientists. The day 
of the “long-haired” scientist is, for 
better or worse, passing. We have a re- 
sponsibility to enter more into public 
affairs and to take leadership in the 
winning of this battle for supremacy in 
scientific personnel. 

We may possibly take a lesson from 
Russia in this respect. She used an an- 
niversary of the Academy of Sciences 
as an occasion to invite scientists from 
all over the world. Julian Huxley later 
described it in the July 30 issue of The 
New Republic as follows: 

Let us suppose a parallel event in Britain 
—that the Royal Society, immediately after 
the Japanese war ends, were to organize a 
fortnight’s celebration to which foreign dele- 
gates from all over the world, as well as 
large numbers of scientists from the mother 


country, the dominions and the colonies, 
were invited. Then, to make the parallel 
with our experience, the Royal Society 


would provide free transport and free hotel 
accommodation for its foreign guests, would 
give an enormous dinner in the Savoy or 
Grosvenor House, would take Covent Gar- 
den for a night of opera and the Albert 
Hall for a special concert, would arrange 
for several special trains, all of sleepers, 


to take the party to Edinburgh—where the 
city would provide another banquet—and 
would, with its guests, be entertained at the 
Guildhall by the British government, the 
Prime Minister, the Foreign Secretary and 
other Cabinet Ministers attending in per- 
son. Furthermore, all the papers—Times, 
Manchester Guardian, Daily Herald, Mir- 
ror and all the rest—would feature the cele- 
brations, and the achievements of science, 
especially British science, as front-page 
news, often the main front-page news, for 
two weeks. 

A man at the Australian Legation in 
Moscow told me that he had asked the serv- 
ants there who was president of the Acad- 
emy, and they all knew. I wonder whether 
even five percent of the people of Britain 
could name the president of our Royal So- 
ciety, or five percent of Americans could 
say who was the head of the National 
Academy of Science? 

How far we want to go in staging 
such demonstrations and in attracting 
such public attention is a question 
which we are forced to face. A society 
such as this Instrument Society of 
America must take a position on this 
matter. If we wish such attention, our 
national societies can take leadership 
in getting it. If we wish to avoid such 
attention, we must still face the com- 
petition of a group which is receiving 
such attention, and we must have a pro- 
gram for meeting that competition. 

In conclusion I should like to describe 
briefly the efforts which we have made 
at the Naval Ordnance Laboratory to 
develop our own scientific personnel. 
We have found that one of the chief 
factors in attracting and keeping our 
younger scientists has been the codper- 
ative program which we have estab- 
lished with local universities. Advice in 
academic matters and a variety of grad- 
uate courses have been made conven- 
iently available. We have worked out 
procedures by which persons take leave 
for various amounts of time and we 
have arranged for theses to be pre- 
pared on the job in certain instances. 

One of our most successful training 
ventures has been a weekly series of 
“Instrumentation Seminars.’’ Those 
with special instrumentation problems 
discuss them with others concerned with 
similar problems. There have been many 
instances where this exchange of in- 
formation has avoided duplication of 
effort and the development of better 
instruments. There are usually thirty 
to thirty-five persons in attendance, 
with different persons coming each week 
depending on the particular topic being 
discussed. 

We have also had a series of ordnance 
seminars attended for the most part by 
top supervisory personnel. These meet 
twice a week, with each meeting re- 
peated once in order that there shall 
not be too many supervisors away from 
their jobs at the same time. We have 
discussed latest developments in mines, 
in torpedoes and in other general prob- 
lems relating to the sinking of enemy 
shipping. These problems relate of 
course to some of the over-all missions 
of the laboratory. The attendance at 
these meetings during the last year is 
eloquent testimony to their value. With 
the shortage of manpower and the high 
priority of our projects, these had to 
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pay off, or they could not have sur- 
vived. 

We have also had a series of short 
courses on the intricacies of present- 
day mines, torpedoes, and depth 
charges. These were attended by per- 
sonnel who were designing and testing 
various components of these weapons, 
but who had no other opportunity to 
gain some perspective into the char- 
acter of the weapon in which their par- 
ticular components must go. As a re- 
sult they avoided many errors that they 
could not have foreseen without this 
increased perspective and at the same 
time increased their professional stat- 
ure within the laboratory. 

We also had an elaborate course 





meeting daily for a period of nearly 
four months in which the body of sub- 
ject-matter relating to the design of 
underwater weapons which has been dis- 
covered by our laboratory during the 
war was summarized and presented in 
a coherent and organized fashion. This 
course was equally successful. 

We also arrange regular showings 
of selected training films to particular 
groups in the laboratory who are in a 
position to benefit from them. 

Finally, we have organized what we 
call a Physics Club of N.O.L. It meets 
weekly immediately after working 
hours, and is intended to bring*physi- 
cists from our laboratories into contact 
with physicists from other activities. 


The subjects discussed ar 
the speakers and have ra 
wide variety of different fi 


ics. Again, the continuous i 
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Laboratory. We are making 
ment at our Laboratory mor: 
tive; we are promoting the ove 
ciency and success of our t 


work and, above all, we are developiy 
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which we are responsible. 


The Future of Measurement Control 


By Major RUSH A. BOWMAN, Ordnance Department, U. S. Army 


ernment contract for the manufac- 

ture of muskets at an unprecedented 
low figure. Instead of the anticipated 
loss he enjoyed startling success. He 
performed the unprecedented, deliver- 
ing the muskets in parts. This innova- 
tion was the result of the application of 
interchangeability in the manufactur- 
ing process. 

It is a far ery from one thousand 
muskets made in one plant in the War 
of 1812 to the production which made 
the winning of World War II possible— 
involving the assembling of millions of 
items manufactured in thousands of 
plants throughout the country. But the 
answer is still the same: interchange- 
ability. 

The source of interchangeability is 
measurement control. 

Measurement control is built on two 
basic skills—direct measurement tech- 
nique and the application of the prin- 
ciples of selective sampling. Until the 
last decade these skills were hardly 
more than alluded to in the Engineer- 
ing Curriculum, but industry during 
the war learned the dollars-and-cents 
value of a good product—right the first 
time. It will demand these skills among 
the skills it buys in the post-war period. 

The tremendous strides we have made 
in the last five years and the slack 
which must be absorbed in the train- 
ing of the technician can only be ap- 
preciated by an examination of our pre- 
war status. Returning again to the War 
of 1812, there is a contract in the 
archives of the Ordnance Department’s 
Watervliet Arsenal in which the stand- 
ard inch is attached to and made a 
part of the contract. This standard inch 
is enclosed in a small envelope and con- 
sists of three grains of wheat which, 
when laid end to end, constitute one 
inch. The standard measuring tools 


[: 1812 Eli Whitney undertook a gov- 
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were the rule and caliper. While the 
standard inch had managed to acquire 
some stability, the opening of World 
War I found the rule and caliper still 
the basic measuring tools of the ma- 
chinist. World War I gave the microm- 
eter and dial indicator to the average 
shop man. To a limited extent it intro- 
duced the use of gages in mass produc- 
tion. However, the gage programs of 
the military services were late in start- 
ing and never gained enough inertia to 
carry themselves. In most plants one 
could hear an old hand say, when the 
accuracy of his trusty one inch “mike” 
was challenged, “I’ve been usin’ them 
mikes for ten years and they always 
been right before.” Manufacturing could 
be conducted on this basis because ma- 
chining was usually confined in one 
plant and there was no problem of in- 
terchangeability with items produced in 
another plant. 

True, this period had produced some 
advancement in this field. During World 
War I the automotive industry learned 
the requirements of interchangeability 
in sub-contracted parts, and the inher- 
ent savings in making a product “right 
the first time.” They developed auto- 
matic gaging devices of a refined na- 
ture. Western Electric and Bell, under 
the able leadership of H. F. Dodge, 
H. G. Romig and several others, had 
made great strides in the development 
of inspection on a quality control basis. 
Pipe must be interchangeable regard- 
less of manufacture. As a result the 
petroleum industry has been driven to 
rigid standardization and gaging of 
threads. 

But in the average shop a set of gage 
blocks was a showcase item for adver- 
tising purposes if it existed at all, and 
such large decentralized manufacturers 
as Westinghouse and General Electric 
had not established central control of 
measurement. 

In the pre-war period little or no 
training was offered, either in precision 
measurement or in quality control. 
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A.P.I., A.S.M.E., and A.S.M.C. The In. 


ternational Business Machine Con 
has instituted a course of study i: 


pany 


cision measurement as a part of their 
company training program. Their text, 


“Precision 
Working Industry,” is comprehe 
and widely-used for instruction 


poses. One program should receive 


cial note—that of the U. S. Army 


nance Department. It was a progran 


designed both to train personnel a 
make engineers conscious that mea 
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sure- 


ment control had a part in efficient pro- 


duction. This work was largely 
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work of Colonel H. B. Hambleton, then 
a civilian in the War Department. He 


had entered the 
World War I 
Section. 
encountered, he bent every effor 
ward the goal of providing every 
nance District with a laboratory |: 
in a college or university close t 
industrial area. These _ laborat 


Department d 
in the Ordnance 


served to train officer recruits and 


serve officers in that district an 
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as a standby for emergency. A number 
of such laboratories were established— 


as was the laboratory here at Can 


Tech—and were available to the 
for class work, research or cons 


in return for the space and assuming 


responsibility for the safekeeping 
equipment. 

During the Defense period, « 
tional and defense contracts of the 
ices began to lay the groundwor 
more effective dimensional co! 
Manufacturers, seeing scrap pile 
their plant, began to realize that 
had never had adequate control, : 
sionally. They quickly turned to 
for accuracy in their product. ! 
tors for these programs were 
largely in the plant or in the E.S.’ 
programs. 

The largest contribution, 
was a product of the war i! 
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rod 
a0 , of manpower. Up to that point 
e n physif savin. had been reflected in greater 
5 ndancdll out! er tool when rejections were 
1 f thi redt Then, with the army and navy 
takin. more and more men, it became 
c veal neces. ry to see how the mechanics of 
ot! mor prod m might be altered or im- 
ng thig™ prove’ so that each person could pro- 
tec e afl duce oore units. For some time manu- 
ugh -t thd factu ss and some government agencies 
ing «ploy had n inspecting on a percentage 
Nore ttradf basis. The switch to a percentage basis 
Over 1] ef ysua!.. occurred when it became phys- 
ir technical jeally impossible to manually inspect 
2 developin piece piece the units produced, and 
2SOULces fof automatic inspection equipment was 
either impractical or had not been de- 
veloped. Or again, the switch was made 
when production seemed to be of satis- 
factor) quality. The Ordnance Depart- 
ment, working with Western Electric, 
A.S.A., and several noted research en- 
gineers—one Dr. Working from C.I.T., 
adapted quality control to the problem 
of the Services by a method known as 
Standard Sampling. 
en done ty It would seem that 100% inspection 
cee ASA would produce a consistently perfect 
-C. The Ip. product. In actual practice, errors are 
e Company introduced in 100% inspection through 
udy 'N pre repetitive mistakes resulting from fa- 
Tt Of thei tioue, necessity for speed, and attitude 
Their tex that if the part is not right “it’s only 
the Metall one.” Quality control recognizes that 
prehensive the product will not be completely per- 
ction pusf™ fect and minor defects may even be ac- 
Ccelve spi ceptable if not too numerous. By care- 
Army Ori: fully gaging and actually measuring in 
4 program borderline cases, the statistical possi- 
nel and ti bility of defects or defective material 
t measure. may be accurately determined. The re- 
ficient prof sult is a product with an established 
irgely the quality level determined with a mini- 
leton, then mum of manual labor. Savings in man- 
tment. He power were tremendous: the end of the 
nt during war found inspection cut as much as 
ince Gael 99% in many plants. 
difficulties Having established the pattern of the 
effort to progress of measurement control and 
very Orc quality control, where to now? One of 
ry located the Pittsburgh members of the Instru- 
se to teil ment Society, in going over my articles 
boratories for the magazine he edits, has corrected 
S$ anc Te on several occasions my use of the word 
L and a “processing” to indicate manufacturing 
A eee procedures involving metal removal. He 
0 ec~@ explained that “processing” is usually 
he oka identified with the chemical industries. 
sc, itinaf for now, I acquiesce—and while I am 
ait “fg With people identified with these indus- 





tries I shall limit myself to the proper 


















ing oO! til use of the word. However, if the word 
qq Means continuous operation, then meas- 
ies res urement control, properly applied, can 
contigs - “processing” in the metal working 
fg Shop. Automatic production depends on 
con‘ro'@ the ability to physically follow opera- 
ile i . a ; “i ‘ ; 
oi te tion with operation and maintain the 
d "system in adequate control at all times. 
» GU" Measurement control can now provide 
to ag the latter. 
; we _ In this connection two things must be 
x» Tf impressed upon industry: First, meas- 
urement control involves more than a 
ia sta dard sampling method of inspec- 
4 tion and, second, the most lucrative ap- 





plication could not be touched by the 











Army: control during production. Here 
perhaps it would be well to differentiate 
between measurement control and qual- 
ity control. Quality control in its pres- 
ent usage connotes inspection by stand- 
ard sampling—a statistical analysis of 
the product of a manufacturing or proc- 
essing procedure. It is broader than 
measurement control and could be ap- 
plied to chemical processes, sales pro- 
grams and management systems. The 
Gallup Poll depends upon a standard 
sampling system. It is one of the tools 
used in measurement control. Measure- 
ment control is used in the metal-work- 
ing industry to insure continuous pro- 
duction of interchangeable items. 

Measurement control is planned stand- 
ards—standards which can be met; ac- 
curate standards—accurate because of 
regular recheck; good gages — speedy 
and positive —in process inspection — 
catching the trouble before it starts; 
it’s gage surveillance, tool surveillance, 
gage block checks, standard samples, 
sublots, first sample, second sample. It’s 
how we know a batch of gunpowder is 
good without blowing it all up. In short, 
it’s all that goes into assuring a “good 
product—right the first time.” 

With such a substantiating case I 
might at this point argue that meas- 
urement control should be a specializ- 
ing field under the Mechanical or In- 
dustrial Engineering Curriculum, such 
as Heating and Ventilating, or Power 
Plant. But quality control applications 
may be made in almost any field of me- 
chanical or industrial engineering. Ob- 
viously it is not a broad enough subject 
to require a complete curriculum and 
probably never will be. Where then 
should it fit in the preparation of an 
engineer? The broad concept of quality 
control should be made a part of the 
basic engineering course — measure- 
ment control an elective matter in Me- 
chanical or Industrial Engineering, de- 
pending upon the pattern in the par- 
ticular college. 

I believe every calculus course in any 
engineering school should contain prob- 
lems designed to explain the principles 
of standard sampling and should iden- 
tify these problems with subject. Each 
engineering college is faced with the 
problem of presenting to the engineer 
the basic principles of the other fields 
of engineering. In this program the op- 
portunity will arise to present the prin- 
ciples of both Quality Control and 
Measurement Control. Perhaps this will 
occur in a Plant Management or Ma- 
chine Shop course in one of the mechan- 
ical or industrial courses offered for the 
other fields. At any rate, the engineer- 
ing graduate in any field should be 
familiar with the terms quality control, 
measurement control and standard sam- 
pling; and should realize the benefits 
which may be derived from planned 
quality. 

For the student in Mechanical or In- 
dustrial Engineering who wishes addi- 
tional specific training, two elective 
courses might be offered, perhaps to be 
taken together: 

First, a recitation and survey course 





in Measurement Control of two or three 
hours per week. It should include the 
following: an elaboration on the for- 
mulae previously presented in calculus 
with specific problems in the develop- 
ment of standard sampling lot sizes; 
principles of interchangeability includ- 
ing any analysis of fits and dimension- 
ing systems; principles of design of 
gages with particular emphasis on auto- 
matic inspection equipment; and finally 
advantages of in-process inspection. 
This latter should be the focal point of 
the course. It can be dramatized by a 
trip to a plant at which such control 
has been installed. At that time com- 
parative figures should be presented 
showing saving occuring from the in- 
stallation of the system. 

Second, a laboratory course of two 
to four hours per week covering prac- 
tical gage design; principles of preci- 
sion measurement; and a_ practical 
problem of a before-and-after compari- 
son type illustrating the value of dimen- 
sional control at the machine. The capi- 
tal investment in the laboratory could 


be as modest as $10,000 and still be 

adequate for such a program. 
Although to my knowledge there is 

no text available covering all of these 


subjects, the course could be built from 
material from several books. Some of 
the proven training media are: F. H 
Rolt, “Gages and Fine Measurements” 


in two volumes—the patriarch; “Pre- 
cision Measurement in the Metal Work- 
ing Industry” in two volumes—a text- 


book developed over years of training 
at I.B.M., and now published by Syra- 


cuse University Press. A.S.A. Bulle- 
tins 1.1 and 1.2, and 1.3; Western Elec- 
tric Company Monographs on Single 


and Double Sampling Methods; Walter 
A. Shewhart, “Statistical Method from 
the Viewpoint of Quality Control”; 
and Colonel Leslie E. Simon, “An En- 
gineer’s Manual for Statistical Meth- 
ods.” 

Quality control and precision meas- 
urement should be popular courses in 
extension schools in the immediate fu- 
ture and should be broken down for 
management and shop personnel. They 
could be divided approximately as the 
electives suggested above, with the 
class and survey course offered for man- 
agement personnel and the lab course 
for shop personnel. 

As in so many other fields, the war 
has given tremendous impetus to a 
brand new technique. That it is new is 
evidenced by the fact that there is no 
adequate survey book covering the en- 
tire field. In your survey course, un- 
less you are near a Western Electric 
plant or an automotive manufacturer, 
you will have difficulty in finding meas- 
urement control installed at the ma- 
chine. Such basic problems as accurate 
measurement of a hole and standard- 
ization of surface finish on a practical 
basis still remain unsolved for the most 
part. The answer to continued advance- 
ment in measurement control lies in 
instilling in the neophyte engineer con- 
fidence in the attainability of “a good 
product, right the first time.” 
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By A. G. WORTHING, Physics Department, University 


HEN one investigates elemen- 

WV tary texts of physics in use 

at the present time with 
thoughts of heat and temperature in 
mind, he arrives at certain astonish- 
ing conclusions. (1) A large fraction of 
the texts do not in any way define what 
they mean by heat or temperature. (2) 
There is much inconsistency about the 
concepts developed where definitions of 
those terms have been given. (3) De- 
spite lacks and inconsistencies, the dis- 
cussions in the field of heat are basic- 
ally much alike. 

The importance of this subject with 
respect to courses in Instrumentation 
may be said to be commensurate with 
the importance of heat and temperature 
measurements among all measurements 
made daily by scientists, engineers and 
technicians. 

Let us consider first some of the 
published concepts of heat. 

Author No. 1 states, “Thermody- 
namics deals with . . . transformations 
...in which energy of work manifested 
by bodily movements takes the new 
form of a hodge-podge of invisible mole- 
cular movements called heat.” From 
this we conclude that, to that author, 
heat is synonymous with the transla- 
tional kinetic energy of molecular mo- 
tion. Nowhere does he suggest any vari- 
ation from this concept of heat. More- 
over, certain other authors seem to 
agree with this limited concept. 

Author No. 2 states, “Temperature 
is merely a question of the kinetic en- 
ergy of the molecules, but heat com- 
bines with this the number of molecules 
which have this energy.” This is not a 
clear statement of what heat is thought 
to be; but one may infer that, possibly 
in addition to the translatory kinetic 
energy referred to by Author No. 1, 
this author would include the rotational 
kinetic energies of its component mole- 
cules. 

Author No. 3 extends the heat con- 
cept further. He says heat “is now held 
to be . . . the kinetic and potential en- 
ergy of the molecules composing 
bodies.” When, with the addition of 
heat, a body expands or changes in 
phase as from a solid to a liquid, a por- 
tion of the added heat certainly is used 
in separating or rearranging its mole- 
cules with a consequent increase of 
potential energy. 

Author No. 4 states that “Heat is the 
energy of the molecules and atoms that 
compose a body.” If we assume that the 
word energy includes potential and 
kinetic energies, his concept by the in- 
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Concepts of Heat and Temperature 


clusion of atoms is to be considered as 
broader than those of the preceding 
three authors. 

Author No. 5 states that adding heat 
to a body results in (1) increasing the 
kinetic energies of its molecules and its 
free electrons, (2) increasing the poten- 
tial energy of its molecules, (3) in- 
creasing the kinetic energies of the 
atoms and electrons inside molecules. 
It is not. quite clear what the author 
intends; but, if the changes in energy 
that are mentioned are to represent 
changes in the heat content of the body, 
we would say that according to this 
statement heat would be synonymous 
with internal energy—a term much 
used in thermodynamic discussion. Al- 
though it is quite certain that Author 
No. 5 would not identify the two terms 
as synonymous, there is no doubt but 
that many do. 

Possibly the variations in the con- 
cept of heat which have been noted are 
the result of authors’ loose statements. 
Possibly, knowing otherwise, they over- 
simplified matters intentionally. What- 
ever the case, the present author is cer- 
tain, from discussions in a meeting of 
physics teachers and in graduate classes 
concerned with Basic Concepts in phys- 
ics, that the various points of view pre- 
sented above are held by both students 
and teachers. 

Obviously the statement of author 
No. 5, in which heat seems to be identi- 
fied with internal energy, is preferable 
to the other statements. However, it 
does not seem to be wholly satisfactory. 
Consider what happens when, as we 
say, 540 calories of heat are added to 
1 gram of water at 100°C. or, what is 
effectively the same, when 972 Btu. of 
heat are added to 1 pound of water at 
212°F. In each instance the water is 
completely vaporized without change of 
temperature. But what about the in- 
ternal energy? If we check up we find 
that the internal energy increases have 
been only 500 cal., not 540 cal., and 900 
Btu., not 972 Btu. The differences 40 
cal. and 72 Btu. represent work per- 
formed in pushing back the atmosphere. 
The question arises: shall we say that 
the gram or the pound of water has had 
its heat content increased by 540 cal. 
or 500 cal. in the one case, or by 972 
Btu. or 900 Btu. in the other case? 
Among teachers and students there is 
confusion here. 

Perhaps the best and most workable 
concept of heat will differ rather radi- 
cally from the foregoing. It is the con- 
cept which appears in connection with 
the First Law of Thermodynamics, the 
equation for which is usually written 
as 


Q=4U + W 





of Pittsburgh 


of which Q represents the ene: 


to the body or system in cons enofh’ 
of a temperature difference, A/ in. 
crease in internal energy of th hod 
or system, and W the work don the 
body or system on other bodies Sys. 
tems. Q is ordinarily called heat | dde 
In accord with this basic equatio) hex 


is defined as energy being addec to 
body or system in consequence of 
temperature difference. After the ep. 
ergy is once added, it is no longe 
viewed as heat but as internal energ 
or as energy transferred by virtue of 
work performed. Zemansky in the first 
edition of his Thermodynamics gives 
an interesting analogy. Heat and ip. 
ternal energy are likened to rain and 
water in a lake. When the water drops 
are falling they are referred to as rain, 
Once, however, the drops reach the sur. 
face of the lake, they cease to be rain 
and become lake water. 

Referring back to the vaporizing of 
water at the boiling point, but with the 
First Law of Thermodynamics in mind, 
we now say that 540 cal. of theat ar 
added to the water at 100°C., that the 
internal energy of the water is in- 
creased by 500 cal. and that 40 cal. of 
work are done by the water in pushing 
back the atmosphere. 

This usage of heat as energy in th 
process of transfer because of a ten- 
perature difference covers most cases, 
though not all, where, whatever our 
definition, we have considered the term 
heat appropriately used. In accord with 
this view, we correctly speak of th 
conduction of heat by a gas, and th 
radiation of heat from a hot bod 


oe 


a cooler body. However, to speak of 
energy stored in a body, that is its 


internal energy, as heat would be quit 
inconsistent with the First Law of The: 
modynamics and would lead to difficulty 
in thermodynamic calculations if such 
energy were so considered. 

Incidentally, the foregoing justifies 
the term radiant heat to which many 
including the present author, have ob 
jected. So strong has been his preju ‘ic« 
against this usage in past years ‘hat 
even now that term seems unsatis‘ac- 
tory. The term radiant energy is ac- 
cepted instead. However, there i: 
escape from the fact that, therm: ly 
namically, what is referred to is } al 
and may properly be called ra 
heat. 

Summarizing with regard to the t ™ 
heat we may say that various conc pts 
are commonly held and that of se 
only the concept of heat as energy ! 
process of transfer because of : 
ference of temperature, in accord 
the first law of thermodynamics, 
most free from objection. 



































































































> consider next, in a limited 



























































If physics were strictly classical, the 
foregoing identification of temperature 
with translational energy per molecule 
might reasonably stand. In the field of 
the classically ideal gas, the policy of 
identification does not give rise to dif- 
ficulty. But gases, even ideal gases in 
the region of absolute zero where they 
become degenerate, are not classical; 
and liquids and solids are much more 
nonclassical. Where quantum numbers 
are small, the distribution of energy 
among the molecules of a body is very 
different from the classical expectation. 


Even at ordinary temperatures, 
when dealing with substances whose 
molal specific heats have not reached 
the Dulong and Petit limit of 3R, one 
must conclude that the classical equi- 
partition laws fail so far as the equi- 
librium between a solid and its vapor 
is concerned. The velocity distribution 
of the vaporized atoms of carbon, say, 
is not that of the surface layers of the 
solid carbon from which the evapora- 
tion has taken place. Though the solid 
and its vapor may be in temperature 
equilibrium, the average translational 
kinetic energy of the vapor atoms need 
not, and generally will not, be the 
same as the average translational 
kinetic energy of the atoms of the solid. 
(That some prefer to ascribe the in- 
ternal energy of solids to stationary 
waves does not alter the situation.) 
Even in the cases of mixtures of such 
simple gases as helium and argon, 
when the temperature is so low that 
the energy is confined mainly to small 
quantum numbers, the average kinetic 
energies of the helium atoms will dif- 
fer from the average for the argon 
atoms. On the concept that the temper- 
ature is a measure of the average 


kinetic energy of the molecules, the ar- 
gon and the helium, though in equi- 
librium, would have different tempera- 
tures. Quantum considerations very 
strongly oppose the concept of a trans- 


lational energy-temperature propor- 
tionality. 
Elsewhere* it is shown that other 


suggested identifications of temperature 
with other physical characteristics is 
as unsatisfactory as that one discussed 
above. 

Our precise definition of a tempera- 
ture scale is based on an application of 
the Carnot cycle proposed by Lord 
Kelvin. Where Qo and Q: represent, 
for a particular cycle, the quantities 
of heat absorbed and liberated, respec- 
tively, by the working substance used 
in the Carnot engine, this scale re- 
quires the corresponding temperatures 
To and T; to be so related that 

To /Ti1=Q0/Q1. 

This scale is based on the assumption 
that energy is conserved in macro- 
scopic processes, on the supposition 
that all possible p,v,T changes may be 
produced reversibly, and on the second 
law of thermodynamics. Developed in 
the days of classical mechanics, these 
basic assumptions and the temperature 
scale are equally applicable to the 
phenomena of the present-day quantum 
mechanics. 


That we should go back to the first 
and second laws of thermodynamics 
for clear, usable concepts of heat and 
temperature is both interesting and 
significant. It is not astonishing, how- 
ever, since most of the underlying 
theory concerned with their measure- 
ments is based on those laws. 





*American Journal of Physics, Vo 
pages 28-30. 
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Surplus Instruments for Education 


By W. G. POLLARD, Professor of Physics, University of Tennessee, Knoxville, Tennessee 


c 
ae concept of temperature. 

In  ysies texts temperature is ordi- 
nari!) ireated as a “quantity” which, 
like 3s, length and time, is funda- 
ment. for problems and discussions 
invol ng heat. On the other hand, 
there ve those who declare that tem- 

i pera is just a convenient term for 
“i dded i the rage translational kinetic en- 
ee “nee ergy ° a molecule of the body under 
f 4] nthe cons: ration, or, as some prefer to 
“ia a state , the energy per mole associated 
lies Wi with ‘he translatory motion of its 
sah mee molec \es. Whether or not temperature 
sai me or, {or that matter, some other 
‘alte re, “quan ity” in the field of heat involving 
ence of *Btemperature, may be viewed in this or 
er the ‘a some similar manner and expressed in 
a0) “ ., ag terms f the basic mechanical quanti- 
nal « ee ties” mentioned, is the question under 
. 8) Mi consideration here. 
r virtue of 
n the first If the temperature of a body is mere- 
nics gives{mly a measure of the average transla- 
it and in.ftional kinetic energy of the molecules 
rain andf™of the body, we should be able to write 
ater drop T=kX %m(v?2) av. 
to as rain, ? 
ch the sur. lf we should select on this basis a tem- 
to be rain | perature unit that would fit in consist- 
ently with other units of the c.g.s sys- 
orizing of tem, /& would automatically become 
t with th Mm unity. Accordingly, we would say that, 
s in mind @Zwhen the average translational kinetic 
heat arf energy of the molecules of a body is 
» that the fone erg per molecule, the body has a 
er is in-(% temperature of one erg. The tempera- 
40 cal. of Bture of some hydrogen, say, at the 
n pushing # melting point of ice thus expressed in 
ergs would then be 5.66 X 10-14 erg. 
gy in the Obviously the erg would be an incon- 
of a tem- veniently large unit of temperature, 
ost cases, MF and one can: understand why it would 
ever OUl ME be desirable to take 2.07 X 10-16 erg as 
the term & one centigrade degree. 
cord with 
k of th 
and the 
; body to 
speak of 
at is its 
be quite 
of Ther- 
difficulty HE fact that this Conference is be- 
if such ing held to explore the matter of 
; : instruction in Instrumentation in 
Justines the engineering schools emphasizes the 
h many. # importance that is being attached to 
hav ob- this phase of engineering education. 
reju'ice Mf There is, of course, evidence from many 
ars ‘al Mi directions of the increasingly impor- 
satis‘ac: HM tant réle which instrumentation will 
y 1S ac @ play in future industrial development 
e 1s NO @ in this country. The universities are al- 
erm ly- MB ready being called upon to engage in 
is ) al, @ specialized training in this field de- 
rad int @ signed to develop an understanding of 
the fundamental principles underlying 
he t rm @ various types of instruments and to 
conc pts M produce an acquaintance with the va- 
f t ese MP riety of applications which have been 
ere in @ Mace of them. 
: th Presented at the Conference on Instrumenta- 
rt uu Or i The University, Carnegie Institute of 
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If the universities and engineering 
schools are to be able to accomplish 
this objective successfully, a great deal 
of expensive equipment of specialized 
nature is required. Few of them are in 
a position to make even a small frac- 
tion of the expenditures involved. The 
budgets of the majority of these schools 
are barely sufficient for the purchase of 
the usual items of equipment required 
in the major fields of engineering edu- 
cation. Instruments are, in general, ex- 
pensive items, and few schools can af- 
ford the purchase of more than one or 
two of them a year. The prospects for 
effective instruction in Instrumentation 
in the near future are, therefore, poor, 
unless some means are found for pro- 
viding the schools with the necessary 
equipment at a small fraction of its 
initial cost. 

A possible way of meeting this situa- 
tion is provided by the regulations for 


the disposal of surplus property. It may 
well be that a sufficient supply of in- 
struments suitable for training pur- 
poses are already to be found in Army 
and Navy stores or among the dispos- 
able properties of their contractors. 
When such property is declared to be 
surplus, it would seem proper that it 
be made available to schools without 
charge for the purpose of implementing 
this training program. Two basic argu- 
ments may be advanced in support of 
this point of view. First, the financial 
resources of the majority of universi- 
ties have been greatly weakened by the 
war so that their inability to adequately 
support the type of training we are dis- 
cussing is in part a direct consequence 
of the war. From this point of view, the 
disposition to them of property acquired 
for its prosecution and no longer needed 
is quite proper. The second argument is 
based on the severe shortage of tech- 
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nically trained men and women which 
this country now faces as a result of 
the near cessation of technical and sci- 
entific training during the war years. 
Is it not proper that surplus war prop- 
erty be used wherever possible to help 
relieve this situation? Moreover, many 
of the students in the next few years 
for whose training such equipment 
would be used will be veterans. Surely 
it is only right that property created 
for the prosecution of the war should 
now be used to help complete the train- 
ing of the men who fought it. 

The overall picture for surplus prop- 
erty disposal is not yet entirely clear. 
However, in the case of Army property, 
a procedure has been set up which em- 
bodies these principles in a very com- 
mendable way. This procedure consists 
briefly in the following steps: Lists of 
equipment giving a description of each 
item desired are prepared on standard 
forms and submitted for approval to a 
local university committee and to the 
State Office of Education. Such ap- 
proved lists are then sent to the Army 
Service Forces Command for the Corps 
Area in which the institution is located 
and from there are transmitted to the 
nearest RFC Surplus Property disposal. 
unit. Any item on this list which the 
unit has in stock or later acquires is 
then made available free of charge to 
the school submitting the list. 

This system has several important 
disadvantages from the standpoint of 
the schools which are worth listing 
here: 


1. The Universities must prepare 
want lists without knowing what is 
available. 


2. The official RFC list of available 
equipment may not describe the instru- 
ment in the same terms as those used 
by the Universities. 


9 
v. 


There is a great possibility that 
instruments attached to equipment 
which is not useful to schools will be 
described with the equipment. Obvi- 
ously instruments should not be robbed 
from equipment which has further util- 
ity, but care should also be taken not 
to lose instruments because of poor de- 
scription of available property. 

4. When instruments are sent they 
are very likely to have essential parts 
missing. Also they may be removed 
from a plant by unskilled persons, re- 
sulting in great damage to the instru- 
ment (e.g., clipping of calibrated tub- 
ing leads to expansion bulbs). Thus the 
system is likely to be wasteful in dam- 
age to valuable property. 

In spite of these difficulties, the Army 
procedure is excellent in many respects 
and it may be as near an approach to 
the desirable objectives which have 
been advocated here as the pressure of 
immediate circumstances and the mag- 
nitude of the whole problem of surplus 
property disposal will allow. 

It would seem to be a proper func- 
tion of this Conference to investigate 
steps which may be taken to assist the 
schools in using this procedure to obtain 
suitable equipment for instruction in 


instrumentation. 
about types of instruments 
appear in surplus stocks is 

this respect instrument maz 
with some knowledge of th« 
types and models of instrun 

in use by the Army and by A 
tractors could be of great a 
The schools will need guidance: 
paring their want lists in suc 
as to avoid acquiring outmoded 
less equipment while at the sa 
passing up good equipment 
lack of knowledge of it. Requ 
surplus property should be cod 
with other sources of instrume) 
the schools in such a way as to : 
the greatest degree of balance 
final instrument laboratory at th: 
cost to the school. Effective mea 
reguired to assure that essential! 
of instruments obtained in this w: 


Specific; Mati 





not missing or badly damaged. This 


would probably involve supervis 


the removal of instruments by a repre. 


sentative of the university or 
manufacturer. 

Thus, to conclude with a specifi 
ommendation, it seems clear that 
of the most important ways in 


this conference can advance the cau 


of Instrumentation in the Univer 


would be to develop a detailed set of 


instructions to guide the schools i: 


best means for implementing the ar 


procedure for the acquisition of sur} 
instruments. It could also 


modifications of the existing proced 


Instrumentation Appreciation 


By R. D. WEBB, Chief Instrument Engineer, Carbide and Carbon Chemicals Corp., Charleston, W. Va. 


IKE many others in industry I 
Lim often grumbled about the 

quality of the graduates of our en- 
gineering schools. Here I have been 
given an opportunity to do something, 
or at least to say something, about it 
and I will have to confess that I am at 
a loss as to what to recommend. 

The main complaints I have had 
about the average young engineer were 
three: (1) The weakness of his knowl- 
edge of the basic physical laws; (2) 
his inability to attack a problem and 
persevere to a conclusion, and (3) his 
poor written reporting of his work. 
These criticisms are so broad that they 
cause me to wonder if I simply don’t 
expect too much of the young engineer 
and of his training. Anyhow, none come 
directly within the scope of the confer- 
ence and so I’ll discontinue talking of 
general complaints and presume to 
make a specific suggestion. 

How the present four-year curricula 
can be made to absorb additional tech- 
nical courses is beyond my ability to 
answer, especially in view of the fact 
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that engineering schools are already 
open to criticism because their curricula 
are so starved of cultural subjects. 
Nevertheless, I’ll make my recommen- 
dation. The course I would propose is 
one for undergraduates, one which 
might be called “Instrumentation. Ap- 
preciation” or just “Industrial Instru- 
ments.” 

It would start off with a study of 
industrial measurement devices, Pres- 
sure devices such as the Bourdon tube, 
metallic bellows, diaphragms, mercury 
manometers, and possibly including the 
electrical types, would be examined 
and adequate coverage given to the de- 
tails of actual installation. By the last, 
I refer to methods of accurately con- 
veying the pressure to the measuring 
device. The water-filled lead to the 
steam pressure gage is a common ex- 
ample, one generally recognized by 
everyone, if the gage is below the line. 
But, place that gage twenty or thirty 
feet above the line, and you have a 
minor problem in engineering, for the 
lead may be full of water, or of steam, 
or of a gas such as air or carbon di- 
oxide, This problem becomes serious at 
low pressures, particularly in the sub- 
atmospheric range, and is amplified 


when the fluid being measured ha: 


condensing temperature in the atm 


pherie range. 
Temperature measurement 


and electrical means, listing and 
paring their characteristics. As 
pressure - measuring instruments, 
again stress need be placed on p 


installation, only in this case we usuall) 


take care to take the detecting devic 
the fluid being measured, whereas \ 
pressure we took the fluid to th 
vice. 

My recommendation would be t 
vote a goodly share of the time all: 
to the course to a study of flow n 
ing because of its broad usage i! 
dustry. It is a vital part of the st 


generation and combustion field; it & 


ters into many phases of the aut 
tive field; it is almost the oper: 
heart of the chemical and oil 
tries; and it even enters into ax« 
tories and armor plate plants. 
The remainder of the measu1 
section of the course could be a 
coverage of several of the many 
instruments used in industry, s' 
the pH and conductivity record 
various automatic gas and liqu 
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F luding spectrometric, and pos- 
ty mited outline of simpler elec- 
d photoelectric devices. 

tie control has played a very 
t part in our recent technologi- 
ces and so demands considera- 
this course. Colonel Bradley 
yur recent Rubber Director, 
t as one of the four great 
shno ogical developments in the build- 
yur new but tremendous syn- 
ubber industry. Let me quote 






netic 

»om is 1944 Chemical Medalist ac- 
eptance speech: “The synthetic rubber 
ndust:y could not have been built with- 
yt a tremendous utilization of our 
breat technological developments of the 
ast decades. These were: First, 
igh-te. operature catalytic cracking for 


uction of monomeric materials; 


second, pre-fabricated welding of pip- 
ing or steel, field-welded in place; third, 
high-alloy steels for superheating hy- 
drocarbons as well as steam; and, 
lastly, the control of temperatures, 
pressures, and the flow of fluids within 
close limits by automatic control valves 
actuated by remote control instru- 
ments.” 

A survey of the available regulators 
and controllers could be made and pos- 
sibly the theory of control could be 
touched. Give the student the few simple 
formulas which will permit him to size 
control valves, and perhaps give him a 
description of, and reasons for, using 
the various types of these valves. In- 
cidentally, control vales offer one of 
the most interesting phases of instru- 
mentation, and are worthy of study. 





Today’s valve, if properly applied, will 
do wonderful work, but, generally 
speaking, still needs improvement in re- 
gard to packing, friction, erosion of 
plug and seat, shut-off properties, rate 
of response, and sturdiness and vibra- 
tion resistance under critical and flash- 
ing flows. 

If the undergraduate learns some- 
thing of modern instrumentation, he 
will be in a better position to be of 
help after graduation. If he steps into 
a plant not thoroughly modern, he will 
be in a position to recognize this fact. 
If he goes into one that is, he will not 
be at a loss, but will be familiar with 
many of the things being done and with 
the equipment doing it. A course in In- 
strumentation Appreciation should 
make him more valuable in industry. 


Plans for Cooperation in Instrument Education 


By H. E. FERGUSON, Plant Testing Engineer, Peoples Gas Light and Coke Co., Chicago 


HE Instrument Society of Amer- 

ica has not, as yet, formulated 

definite plans for a program of 
educational activity, or for cooperation 
vith educational institutions. So I am 
not an official messenger of the I.S.A., 
and my remarks are not a formal dec- 
laration of its policies. But I have con- 
ferred with many of the officers and 
leaders of the organization, and I hope 
to present the gist of their ideas con- 
cerning instruction in Instrumentation 
and in measurement and control de- 
vices. 

A basic idea prevalent among mem- 
bers of the I.S.A. is that any educa- 
tional programs concerning instruments 
should not be limited to the thirty (or 
forty or fifty) thousand students en- 
rolled in technical colleges and uni- 
versities, but should provide equal—or 
even greater—opportunities for men in 
industry to increase their knowledge. 
Many graduates of technical schools, 
who are now actively engaged in engi- 
neering or technical work, do not pos- 
sess adequate knowledge of instruments 
and control devices; quite a few lowly 
chart-changers earnestly desire to know 
more about what they are working 
with; more than one instrument sales- 
man or service-man should learn more 
about equipment other than that which 
he is trying to sell. It is desirable that 
baccalaureate curricula contain courses 
in instrumentation. But, whether they 
do or not, serious consideration must be 
given to making instruction and train- 
ing in that subject available to two or 
three million industrial employees. 

To insure as wide a coverage of this 
potential student body as is possible, 
many members of the I.S.A. feel that 
the activities of the Society in promot- 
ing education should be directed toward 


the attainment of three distinct goals: 
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1. The establishment of courses in 
instrument theory, design, application 
and testing, as parts of curricula of 
technical schools and universities, with 
credits toward baccalaureate degrees 
for their successful completion; 

2. The development of a number of 
“short courses” (or seminars) on the 
use and maintenance of particular 
types of instruments, these courses to 
consist of four or five days of intensive 
practical instruction without scholastic 
requirements or credits; 

38. The formulation of correspond- 
ence courses which would cover the in- 
strumentation requirements and prac- 
tices of specific industries. 

COLLEGIATE COURSES 

Some of the courses in Instrumenta- 
tion that were established in technical 
schools to aid war material production 
and to fulfill needs of our armed forces 
have been the subject of much favorable 
comment. It is felt that many technical 
colleges and universities might well 
adopt at least parts of them. Any candi- 
date for a technical degree should re- 
ceive a minimum of two full semester- 
hours of instruction and training in 
Instrumentation—and more preferably 
two full year courses: one semester or 
one year on indicating and recording 
instruments, and one on controlling, 
transmitting and integrating devices. 
Too many technical graduates don’t 
know that a temperature recorder mere- 
ly records variations in temperature and 
is not a temperature measuring device. 

The Society would like to concentrate 
its initial efforts in this field to codper- 
ating in the establishment of such 
courses in three eastern, three central, 
and three western technical schools or 
universities. Because the courses would 
be a part of the general technical edu- 
cation of the students, they would be 
sponsored, directed, and operated en- 
tirely by the faculties of the various 
schools—with the I.S.A. offering to act 
in an advisory capacity. 


SHORT COURSES 

The “short courses” that are contem- 
plated would be similar in character-to 
the “Southwestern Short Course in Gas 
Measurement” sponsored by the Uni- 
versity of Oklahoma with the aid of 
meter companies, and the companion 
course at the University of West Vir- 
ginia. They would be definitely planned 
to interest and benefit technicians, fore- 
men, and supervisors in various indus- 
tries: men who have at least a couple 
of years of working experience, or who 
may even be in fairly good positions 
but wish and need to learn more about 
their equipment in order to advance. 
The courses might be held during a 
spring or Easter vacation (as at Okla- 
homa), or in the early part of the sum- 
mer just after Commencement. They 
would be limited to four or five days so 
that, with the traveling time, they 
would not require the student to be 
away from work more than a week. 

Each short course would be limited 
to a particular field, or a specific type 
of instrumentation—and would include 
intensive education in theory and thor- 
ough explanation of practical applica- 
tions. In addition to the flow-metering 
courses already established, the society 
would like to see comparable short- 
courses in such subjects as: (a) py- 
rometry and thermometry; (b) vibra- 
tion and sound equipment; (c) mill or 
shop gages, calipers and inspection 
devices; (d) industrial electronic de- 
vices; (e) electrical indicating instru- 
ments; (f) strain and torque devices. 

In view of the enormous number and 
wide variety in use (or in misuse!) in 
industry today, short courses in pres- 
sure gages and allied instruments 
would be profitable to many technical 
men. The above are only a few of the 
possible subjects for interesting and 
valuable short courses. 

At least two courses in each subiect 
should be made available, one in the 
East and one in the West. The number 
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of short courses at any school might 
well be limited to two: one in the 
spring and one in the summer. The 
courses would be chosen and sponsored 
by the engineering schools of the uni- 
versities or colleges; the direction 
would be jointly by the engineering 
faculty and the I.S.A.; and the teach- 
ers and instructors would be persons 
actively engaged in the use of the 
equipment, and technicians from instru- 
ment manufacturing companies. The 
last day of the course might well in- 
clude a clinical conference on practical 
difficulties encountered in the field as 
reported by the students. 


The expenses of such courses might 
be defrayed in most part by registra- 
tion fees (as is done at Oklahoma), 
although these fees are usually paid by 
the students’ employers. The services 
of the instructors and teachers would 
be gratuitous, or would be borne by in- 
strument companies. The thought has 
been expressed that campus schools in 
small towns would be preferable—as a 
safeguard against the courses degener- 
ating into “conventions.” 


CORRESPONDENCE COURSES 


Correspondence and extension courses 
are desired which will cover instru- 
mentation in particular industries or 
parts of industries. For example, it 
should be possible to formulate useful 
courses to cover instruments and con- 
trol devices used in: 


steel mills 

refrigeration plants, 

electric power plants, 
maritime transport, 

building construction, 

gas plants, 

mines and ore treatment mills, 
petroleum refineries, 

heating and ventilating, 
dairy products. 








In formulating and operating a cor- 
respondence or extension course cover- 
ing the instruments and control equip- 
ment used in a particular industry 
(such as one of the above), the school 
or university could expect and would 
undoubtedly receive the support and 
codperation, not only of the I.S.A. and 
various instrument manufacturers, but 
also of engineers in that industry and 
of technical societies related to it (such 
as the American Petroleum Institute, 
the American Gas Association, the 
American Institute of Electrical Engi- 
neers, etc.). 


I’m willing to bet that every person 
in this room, at some time or other, has 
written to an instrument company and 
requested a copy of some bulletin or 
pamphlet concerning a certain gage or 
indicator or regulator—just to find out 
how the thing was constructed and op- 
erated. So it should be recognized that 
for many years the instrument com- 
panies have been unconsciously con- 
ducting a rather haphazard and ineffi- 
cient sort of correspondence course in 
limited branches of instrumentation. 
More formal and more comprehensive 
correspondence courses than the fore- 
going are desirable to make available 
to workers, who cannot leave their jobs 
to enroll in a school or college, means 
of constructively and definitely correct- 
ing their lack of knowledge or under- 
standing of equipment they must use. 
Of course, after the curricula of all 
technical schools and colleges contain 
Instrumentation courses, and after 
enough short courses have been estab- 
lished to correct the deficiencies of 
those who cannot attain collegiate 
levels, there might not be much need 





for correspondence cours: 
mentation. But that da, 
away. 





SUMMARIZATION 


Many people in the inst) 
believe that definite avenues 
tion in the design, use and m: 
of technical instruments ar: 
and that these avenues of 
should. not be restricted to th: 
but should go deep into the 
industry. Certain members of t 
desire, and are anxious to codp 


the establishment of at lea 
separate avenues: 
(1) formal collegiate courses in pj 


strumentation; 

(2) short courses in particula. types 
of instruments; ‘ 

(3) correspondence courses 
struments of industries. 

These avenues of instrumentatioy 
education need not conflict or inte 
with one another: often they can sup. 
plement or complement each other 
thermore there can be little doubt 
all of the various parties involved 
be benefited. The student and the 
er will obtain a better understanding 
and greater knowledge of equipment 
that they must use in earning a living 
Industry will benefit through better ay 


plication and maintenance by employee 


of the instruments it must purchase. 
The instrument manufacturer wil 
benefit through better understanding 
and greater appreciation of the operat- 
ing benefits and economies that can be 
attained by use of his products. The 
technical schools would benefit through 
increased potential student-bodies, and 
more direct contacts with sources of 
first-hand technical information. 


PROCEEDINGS OF WEDNESDAY MORNING SESSION, OCTOBER 8, 1945 


A Visual Aid for Instruction on Electrical Instrument: 


By D. A. YOUNG, Manager, Instrument Engineering, Westinghouse Meter Division, Newark, N. J. 


HEN I was asked to talk ] 

WV thought perhaps I should say 

something about what educa- 
tional institutions should do in the way 
of training people to fit into our type 
of industry; but I felt that I was un- 
qualified to speak on that. Instead, I 
want to tell you about a means that we 
have prepared at the Westinghouse In- 
strument Section in an endeavor to 
teach something about instruments in 
a quick, brief and concise way. 

This method I am going to show you 
has not been widely used; yet we hope 
it will be used more extensively. It is a 
method we have prepared for teaching 
the fundamentals of electrical instru- 
ments such as we manufacture. 
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This started out during the war peri- 
od, when instruments were used in such 
huge quantities, and so many new peo- 
ple came into contact with them, that 
it became necessary to find some way 
to let them know what goes on inside 
an instrument. 

The Government sponsored various 
schools, night schools, free schools, to 
anyone who could come and be told 
about instruments. They solicited the 
aid of men from industry, engineers and 
salesmen who knew the subject, and 
used these men as teachers. This started 
out as a course which was just thrown 
together. Because of its effectiveness, 
however, the International Brotherhood 
of Electrical Workers asked that some- 
thing similar be presented to their peo- 
ple. Such a course had to be done in a 
matter of one day, and it was repeated 
several times, and out of it grew some- 





thing that sounded pretty reasonable 
Then the Brotherhood asked that we 
prepare this in some form that could 
be used by their own people in teach- 
ing other members of the Brotherhood 

We started out to prepare a booklet, 
just a repetition of what had been said, 
together with pictures. which had 
shown in the form of slides. 

Then we got ambitious and d 
that this was not enough: we would 
also make records to go along wi 
and the result was a sound-slide ‘lm 
You all know what they are. 

By the way, I have quite an ac an 
tage today, in that you are not ¢ Ing 
to have to listen to me all the a) 
through; you are going to listen a 
master at speaking: Mr. Dell Cha ett 
of N.B.C. (You may have heard | 
the Ford Sunday Evening Hou 
the Radio Reader’s Digest prog 
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a a N the earlier years of our life events 


[rien in later life would pass un- 
noticed often leave a lasting impres- 
sion on Our memories. One such event 
has stamped itself indelibly on my mem- 
ory. It was associated with my first posi- 
tion after graduation from college. It 
Fwas in the heyday of expanding public 
utilities and my employer was Stone & 
Webster. The gentleman who engaged 
engineering graduates delighted in try- 
ing to find out from them why they 
wanted the particular position they 
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~ gale were asking for. The great Mississippi 
bodies, ania ve" dam at Keokuk was just being 
tens il completed and electrical interest was 
ian, focused on hydroelectric power. When- 





ever an applicant appeared who stated 
that he desired to go into the hydro- 
electric business this inquiring gentle- 
man always asked “why?” and “what 
position” he desired. The “why” was 
easy, but the position always became 
vague, so he readily prompted by in- 
quiring if the applicant desired to push 
logs away from the penstock intake, to 
patrol transmission lines, or stand 
switchboard watch in a generating sta- 
tion. He soon had the average applicant 
completely floored. He had obviously 
studiously avoided all reference to rate 
structure studies, systems operation 
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been said, @ *° impress on the average applicant how 
had been @ Teally little he knew of the hydroelec- 
tric industry and, more particularly, 
a decided how little he had really thought about 
a woold what being employed in it really meant. 
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voltages and also, by means of auxil- 
iary equipment which you will see, can 
be extended to other applications. 

[. . . Showing sound-slide film . . .] 

As I indicated in the beginning, my 
objective here was not to try to tell 
you about instruments, otherwise I 
would have had to show the entire series 
of these films. My objective was to 
show you a means which we have 
worked out for teaching. 

We gave a lot of time to deciding 
how to present this. We thought of 
writing it in a book, and in fact, there 
is a book which summarizes everything 
that is said or shown in this sound- 
slide film. We thought of trying to have 


to interpret the word electronic, which 
yesterday had special charming proper- 
ties all its own but today must share 
them with its twin brother “atomic”? 
But let us be practical and shorten the 
rhetoric, and simply say that we will 
confine our discussion to methods of 
making measurements and to the re- 
cording of data by means of circuits 
of which the vacuum tube is an impor- 
tant component. This takes us out of 
the field where an extremely sensitive 
indicating instrument such as the uni- 
pivot type or light-beam galvanometer 
directly provides the desired data. 

Our definition becomes somewhat 
clouded unless we stretch it to include 
electronic measurement means, even if 
the device under study is in itself out 
of the strictly electronic field. For ex- 
ample, I read a technical report the 
other day on studies of controlled rock- 
ets such as those mentioned by General 
Marshall in his recent public release on 
the status of the Army. This report 
contained these two significant state- 
ments: “Instrument design is still our 
first goal before going on to motor de- 
velopment”; and also “Telemetering 
equipment is being developed to be used 
for flight tests of sample missiles. It 
will convey to the ground station in- 
formation on the operation of the mis- 
sile (such as temperatures, pressures, 
accelerations, control hinge moments, 
etc.). Preliminary estimates indicate it 
will be possible to transmit each of 30 
readings thirty times a second.” Within 
my definition this is instrumentation in 
the electronic field. Nine hundred meas- 
uring-instrument readings per second! 
Transmitted to a ground station from 
a supersonic-speed missile! 

Some of the more common instru- 
ments in the electronic field include 
noise and vibration meters, signal gen- 
erators, vacuum-tube voltmeters, oscil- 
lators and detectors extending from 
audio-frequencies to a centimeter of 
wave-length, all kinds of monitoring 





speakers go around and tell this story 
wherever it was wanted, but we decided 
that it would take too many people. But 
primarily the sound-slide film is the 
thing. 

[Epiror’s NoTE—We were requested to ob- 
tain and print the list of all six sound-slide 
films which are the subject of Mr. Young’s 
address. They are as follows: (1) General 
application of electrical instruments. (2) 
Permanent-magnet moving-coil types for use 
on direct current and for use with rectifiers 


and thermocouples. (3) Electrodynamom- 
eter mechanisms for carrent, voltage, power 
frequencies and power factor. (4) Moving- 


iron mechanism for alternating current and 
voltage. (5) Rotating-iron types for synchro- 
scopes. (6) Ten different considerations in 
the selection of instruments, such as Record- 
ing, Panel type, Switchboard, Portable, Vi- 
bration, Temperature, Influence of magnetic 
panels or external flelds, ete.] 






Educational Preparation for an Instrumentation Career 
in the Electronic Industry 


By H. B. RICHMOND, Chairman of the Board, General Radio Co., Cambridge, Mass. 





equipment for broadcast stations re- 
gardless of frequency system or fre- 
quency of the transmitted wave, and 
that myriad of measurements whose 
answers appear on a cathode-ray screen. 
The embryonic field of radar navigation 
must not be passed over hurriedly. On 
measurements hinge vast new possibili- 
ties in the field of communication, the 
potentialities of which are expanding at 
a rate faster than most minds can fully 
comprehend. 

Yes, this field of electronic measure- 
ments has expanded in a “regenerative” 
manner—and also not too unlike the 
action of the atomic bomb. What yes- 
terday appeared to be prosaic and rou- 
tine has today become a field too vast 
to be covered by the usual four-year 
undergraduate course. What then are 
we to do about it? 

First, what do we want to do about 
it? If we are trying to expose the stu- 
dent to the possibilities of instrumen- 
tation in the electronic industry, that is 
one thing. But, if we want him to be- 
come an instrument designer in this 
field that is quite another matter. Let 
us discuss them separately. 

It would be helpful if every engineer- 
ing student could have some training 
in electronic instrumentation. It is es- 
sential that electrical and mechanical 
engineers receive such a training. Ad- 
vanced students in physics have been 
purposely omitted because it goes with- 
out saying that electronic techniques 
must be part of their program and also 
because this paper deals primarily with 
the training of engineering students. I 
feel that most good engineering col- 
leges, particularly in electrical engi- 
neering, do have reasonably satisfac- 
tory courses in electronic measure- 
ments. These same institutions a quar- 
ter-century or more ago gave good 
courses in ordinary direct-current and 
commercial-frequency measurements. 
Starting with the philosophy and mathe- 
matics of the precision of data, labora- 


~~ 
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tory work included simple measure- 
ments by the Poggendorf method, 
Wheatstone bridge, calibrating meas- 
urements by the potentiometer method, 
the Varley loop test, Carey-Foster, An- 
derson, and the usual bridge techniques. 
As the communication field advanced, 
the special testing techniques particu- 
lar to it were introduced and some of 
the older procedures dropped. Ultra- 
high frequencies are simply pushing 
the frontier forward and imposing 
greater responsibilities on the staff giv- 
ing instruction in electrical measure- 
ments. The word radar has become such 
a national by-word that instruction in 
pulse techniques is mandatory, at least 
in electrical engineering. For an alert 
staff this advancing art should present 
no unusual problem other than that all- 
engulfing one—that of how to include 
this material in a limited time schedule. 
I am becoming increasingly concerned 
with the difficulty of covering the neces- 
sary ground in a four-year course. I 
believe it can be done if the aim is a 
general educational background based 
on engineering but I am becoming very 
pessimistic of giving a satisfactory spe- 
cialized training in that period. 

Now let us direct our attention to 
the more specific problem of actually 
training men to specialize in the field 
of electronic instrumentation. I doubt if 
many students would deliberately select 
such a course. This is fortunate. I be- 
lieve that, in general, training should 
be given in a much wider field than that 
in which the student intends to special- 
ize. This is necessary both to give him 
a better viewpoint in his field of actual 
specialization and to enable him to have 
a wider field of employment from which 
to choose. Thus I find I am forcing my- 
self into the position of declaring that 
the best training for a career in elec- 
tronic instrumentation is a sound train- 
ing in general electronic engineering. 
Let us examine what such training 
should consist of. 

I have sat on electrical engineering 
department visiting committees and 
well realize the thoroughness with 
which curricula are discussed. There is 
the usual recognition of the need for 
basic grounding in Mathematics and 
Physics, the proper use of English, as 





well as the specific subjects required in 
the professional field. My observations 
are more particularly those of an em- 
ployer of engineers in the electronic 
field where the larger part of the work 
is in instrument design—or, more prop- 
erly, in apparatus design. The profes- 
sional subjects have become so numer- 
ous that adequate coverage cannot be 
given in a four-year course. I have be- 
come increasingly aware of the truth 
of Professor Harry Clifford’s state- 
ment: “A four-year course does not 
make you an engineer, but only an en- 
gineering possibility.” 

The policy of the company with which 
I am associated is in general to employ 
only those who have taken their mas- 
ter’s degree. Our principal exceptions 
are in the direction of those who have 
a doctorate. In general the latter group 
is engaged in advanced circuit design 
rather than in actual apparatus devel- 
opment. We have found little to support 
the thought that engineering in elec- 
tronic instrumentation is less of an in- 
tellectual challenge than research in 
physics or a career in law or medicine, 
all of which presuppose the attainment 
of graduate degrees. Our basic prefer- 
ence is for those who not only have a 
master’s degree but also who have had 
industrial codperative work, thus bring- 
ing to the student actual applied expe- 
rience while he is still in the intellectual 
absorptive period. 

There appears to be a growing trend 
toward the elimination of the so-called 
practical courses because of the time 
demands of the technical courses as 
technical frontiers are pushed forward. 
In the field of Instrumentation this is 
to be regretted. Sketching, mechanical 
drawing and actual working knowledge 
of machine tools and manufacturing 
methods are of tremendous importance 
to the successful instrument designer. 
The mere fact that a signal generator 
utilizing the latest pulse techniques can 
actually be made to operate with the 
desired precision is often a real achieve- 
ment. It is, however, of little value to a 
manufacturer of electronic measuring 
equipment unless it can be manufac- 
tured at a price which will make it at- 
tractive to prospective customers. Too 
many circuit engineers require the as- 





sistance of a mechanical eng r tor 
duce their developments t ‘ 
This is a practical working n 
it results in the usual conflic 
between the two engineers wi e 
sultant increased cost of dey mens 
This increased cost is just an 
of saying that the engineers a 
value to their employer. A si 
equipped engineer would be 
value to himself and to his « 
In summarizing I should like 
emphasis on the two following 
First, the need of general bac! 
instruction in the meaning of rl: 
mentation with adequate emphasis o, 
electronic methods to all engi: 
students; and, second, for those sty. 
dents who plan to make a career 9 
electronic instrumentation that the 
course of instruction be general even jy 
the specific field and that it lead to a 
advanced degree. While specific sugges. 
tions have been made as to some of th 
content of the course, no specific cop. 
tent can take the place of the right sor 
of instructor. Men who can make the 
subjects sparkle with life and, prefer. 
ably, who themselves have breathed the 
life of industry and commerce, can 4 
far more to inspire the student thar 
can those who present a course poor; 
no matter how meticulously the cours 
has been laid out. I firmly believe that 
engineering instruction should be so de. 
signed that it develops first the man, 
then the mental tools necessary in his 
profession and, finally, that it leave 
him with an insatiable desire to keer 
abreast of or contribute to, the tech- 
nological developments in his choser 
field. While I am not particularly opti- 
mistic of the contributions to be ex- 
pected in this field from university re- 
search, I do favor the members of the 
staff participating in such a research 
program in order that they may person- 
ally be examining the ever-widening 
horizons in this field. Carefully planned 
fully supervised, university-industry 
cooperative courses are favored because 
they have two great advantages. Th 
student is familiarized with the realis 
tic aspects of the subject he is studying 














































about between professor and industry 
engineer to their mutual advantag« 


Educational Activities of an Instrument Manufacturer 


By L. F. PARACHINI, Educational Dep’t, Weston Electrical Instrument Corp., Newark, N. J. 


those engaged in educational pur- 

suits has been a policy of the 
Weston Electrical Instrument Corpora- 
tion since the very beginning. Assist- 
ance and service has, of necessity, taken 
many forms and has been rendered in 
ever-increasing scope as the demands 


or assistance, service, to 
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of educational institutions and students 
have increased. 

This paper is a summary report on 
our educational activities as they per- 
tain to the student and the teacher in 
the technical colleges, technical second- 
ary schools, and vocational institutions. 
It discusses the various publications, 
films and lecture activities with the view 
of informing and if possible provoking 
comment, so that the best purposes of 
industrial-educational codperation may 
be served. 


Undoubtedly, as evidenced by the « 
ing of this Conference, there is be 
increasing emphasis on education «s it 
involves the science of Instrumenta‘ion 
It is important, therefore, that ou: fu 
ture educational activities be com .en 
surate with the requirements. 

The dissemination of informati 
electrical indicating instruments, the 
theory of operation, constructio 
scope of application has been : 
plished through three principal 
First, through the publication of 1 
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and m 
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ror the 


graphs, wall charts and circu- 
ng with the many-sided story 
ectrical indicating instrument 
ecessories. Second, through the 
lucational films. Third, through 
um of lecture service provided 
ughly trained, competent engi- 


.se principal means, and others 
red, we have kept the student 
teacher informed as to basic 
es involved, as to uses and im- 
2 of instruments and as to new 
1ents in the art. The fundamen- 
tionship between scientific prog- 
| measurements has been con- 
evaluated in the educational 
rendered. 
is from the beginning that the 
f the science student, be he 
or pupil, were recognized. It 
i910, early in the company’s ex- 
when the first of a long line of 
mal monographs was produced 


high-school and college-prepara- 


ory level. It covered the subject of the 
ermanent-magnet moving-coil instru- 
ment as reduced to practice in the Model 


1 and 


ittle-known subject, 


Model 280. Discussing a then 
the monograph 


onstituted a basic text. It detailed the 
development of the permanent-magnet 
instrument, discussed the fundamental 


theory 


in simple terms and outlined 


some experiments to be performed by 
the students. 

Records do not indicate how many 
were distributed, but it is recorded that 
it was one of the first examples of the 
industry serving the educational insti- 
tution through the medium of a free 
authoritative publication. “Monograph 
Bl” was widely sought and extensively 


used, 


“Bl” proved to be the foundation on 
which a series of monographs was built. 
They discussed a variety of subjects, 
such as “Principles of Permanent Mag- 
net Movable Coil and Movable Iron 
Types of Instruments” (B-7) and “The 
Photronic Photoelectric Cell” (B-8). 

Each monograph of the serics was 
written by a member of our organiza- 
tion. Inevitably, therefore, it bore the 
engineers’ viewpoint with its industrial 
complexion rather than the educator’s. 
This was desirable since the technical 


schools 


had as yet developed little in- 


structional material on instruments and 
Instrumentation. ; 

More recently the trend has been to 
present the teachers’ viewpoint. ““Mono- 
graph B8” of the new series is a case 
in point. The author is Mr. Robert Stoll- 


berg, 


Rese 


Fellow, Bureau of Educational 
arch in Science, Teachers College, 


Columbia University. “B3” was pro- 


duce 1 


under a fellowship supported by 


Weston, not only financially but also 


f its background of experience in 
aration of educational literature. 
title, “Suggestions for Teaching 
ted Material from the Field of 
tricity,” 

the educator’s needs have been 


indicates the extent to 


considered. The approach and terminol- 
ogy are intentionally not those of the 
engineer or electrical theorist but are 
developed along the lines of general 
education. The monograph begins with 
a discussion of energy resources and ex- 
tent of their use; it follows with a sur- 
very of knowledge, misconceptions and 
interests regarding electricity prevalent 
among young people; and it discusses 
methods teachers may employ to deter- 
mine these facts about their students. 
Teaching objectives are presented, and 
methods of approach and useful activi- 
ties for teachers are outlined. Finally 
the theory, construction and use of elec- 
trical measuring devices is treated on 
the basis of general education and in 
such fashion as to be of value to teach- 
ers who may or may not be highly tech- 
nically trained. 


On a different tack, such publications 
as “Electrical Testing in Industry” and 
“Electrical Measurements and Meter 
Testing in the Power Plant” have been 
made available. For these specialized 
subjects the services of a consultant, 
Mr. E. S. Lincoln, were used in order 
that the industries’ viewpoint could be 
properly evaluated. These publications, 
although pointed to the industrial user, 
have been valuable to the student in 
advanced engineering courses. 

Monographs have been an effective 
aid to the educator. That this is so is 
established by the numerous requests 
for even the presently out-of-date “B-7.” 
That this is so is established by the fact 
that many texts have incorporated il- 
lustrations and textual matter from the 
various monographs we published. We 
have assisted in preparing much of the 
instruction material on electrical indi- 
cating instruments. 

Published material has not been lim- 
ited to monographs. Wall charts for 
example have been made available for 
display in the classroom or the labora- 
tory, showing in enlarged detail the 
various instrument mechanisms. This 
type of instruction matter proved very 
effective in the recent armed forces 
training programs. As a matter of fact 
the Weston Company supplied many air 
base training centers with a group of 
six charts illustrating the various air- 
craft instruments of its manufacture. 
These and the three charts illustrating 
the PMMC, the moving-iron and the 
electrodynamometer instruments are 
available on request. 

The “Instrument Sketch Book” is 
widely known. This special-purpose pub- 
lication has been used as a summary of 
the general instrument lecture and dis- 
tributed to the audience that it might 
have a record of the material discussed. 
The Sketch Book is novel in its presen- 
tation and is, to our best knowledge, 
the only source of illustrations and basic 
discussion of the six instrument mech- 
anisms used in indicating electrical 
instruments. Its original cover of scien- 
tific “doodles” has probably caused some 
sleepless hours, posing, as it does a few 
thought-twisters for the inquisitive 
mind. 


The first printing of 10,000 has been 
depleted, attesting to its popularity and 
effectiveness. 

It should be obvious that the more 
complex subjects of instrumentation 
pertaining to electrical indicating in- 
struments, as well as the fundamental 
facts, have received attention from the 
educational viewpoint. Engineering data 
on special devices such as the copper 
oxide rectifier, Photronic cell and elec- 
tronic photoelectric potentiometer, have 
been supplied to schools for their use in 
instruction. dn these publications the 
treatment is on a pure engineering basis 
and thus suitable for the more advanced 
students. 

Judged by present standards the 
Weston Educational film was poor. 
Judged by 1927 standards, the year of 
its production, it represented an ad- 
vance in the field of visual education. 
Using all the tricks of self-assembly of 
instruments and animation, the film 
eloquently told the story of the construc- 
tion of the three generally-used electri- 
cal instrument mechanisms, the perma- 
nent-magnet moving-coil, the moving 
iron and the electrodynamometer. 

The film did yeoman service in reach- 
ing a wide audience and, since there 
were relatively few industrial films of 
its type available, did serve to broaden 
the general knowledge of instruments. 

Today the picture is changed. Visual 
aid in education has come into its own. 
This fact rather than _ simplifying 
our problem has caused us to decide 
against the use of films for the present. 
There are at present at least a thousand 
films of all sorts intended to be used in 
the school. There are many more in pro- 
duction and contemplated. Any attempt, 
therefore, to use any new educational 
film will have to be evaluated in terms 
of its place competitively with many 
others of similar nature. After all, only 
a limited time is available for their 
showing. 

Because the production of good films 
with sound, animation and color costs 
roughly $10,000 to $20,000 a reel, it is 
very important that careful considera- 
tion be given to its over-all effectiveness 
as compared with other media of trans- 
mitting information. 

Our present view is established be- 
cause of three failings of a “canned” 
presentation — failings which in our 
opinion justify non-conformance with 
the present trend. First, “canned” Jec- 
tures cannot establish the proper level 
of presentation which may vary with 
each group. It must of necessity operate 
on a sufficiently low intellectual plane 
to include all of its audience. This 
tends to oversimplify the story. Second, 
it cannot answer questions or discuss 
tangential matters which may develop 
within any group of interested people. 
Third, it lacks personality, a character 
istic which imprints any activity in 
volving people in the minds of its par- 
ticipants. 

In the final analysis any commercial 
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undertaking must in the over-all sense 
pay its way. Perhaps not necessarily 
in dollar return but in the long-range 
view of good will established. We be- 
lieve that under the circumstances out- 
lined our best interests are not served 
through the medium of educational 
films. 

Instead we have expanded upon a 
tried formula. Used for the past fif- 
teen years, our Lecture Service has 
been the means of continually inform- 
ing college students and engineers in 
the broad subject of Instrumentation. 
This activity, since it constitutes a 
vital link with the educational institu- 
tions, has been maintained at a high 
level. The lecturer is a man of engi- 
neering training, very completely in- 
formed in the factory manufacturing 
procedure as well as the theory and 
practice of the electrical indicating in- 
struments he discusses. He is in a 
position to do that which the film can- 
not: to shift text to meet the condi- 
tions existing, to answer any and all 
questions and to provoke discussion of 
the subject. Lastly he must impart a 
personality in order to make a lasting 
impression and thus drive the subject 
home, 

Past procedure has been to offer lec- 
tures to technical engineering colleges 
as frequently as deemed desirable from 
the educational institutions’ viewpoint. 
As a rule a cycle of three years (once 
in three) has proven desirable to most 
schools except some highly active ones 
from an Instrumentation instruction 
standpoint. 

The future plan is to continue this 
arrangement. Expansion of the activity 
will be necessary to include additional 
schools and to cover some of the more 
specialized vocational arts institutions. 

As a rule the lecture is built up 
around the discussion of the six basic 
mechanisms: polarized iron vane, hot- 
wire, electrostatic, moving-iron, electro- 


dynamometer and permanent - magnet 
moving-coil. Much can be said about 
these basic units which is not directly 
covered in general engineering texts. 
The story is further expanded to in- 
corporate the numerous accessories 
such as shunts, resistors and the like 
which are necessary to make the basic 
mechanisms do the job of making the 
innumerable electrical measurements 
required in practice. 

The visual aspect of teaching is not 
overlooked. A very necessary part of 
the lecture has always been the exam- 
ination of actual instruments, usually 
at the point of the lecture in which 
they are under discussion. 

A display of especially prepared 
transparent-case instruments and ac- 
tual parts is the tool of the lecturer. 
This tool is used instead of slides or 
motion pictures. 

This is the actual device. See it! 
Examine it! Heft it! Operate the 
switches! Turn the binding post tops! 
How much more effective this is than 
to look at a picture. This is the psy- 
chology behind the lecturer’s display 
kit. The laboratory and the factory are 
brought to the classrooms in a physi- 
cal sense by the act of displaying the 
finished product and its parts—many 
represented in various stages of com- 
pletion, 

There can be no doubt of the effec- 
tiveness of the actual over the picture 
illustrations when one considers the 
world fair exhibits, the auto shows, 
power shows and the like. The crowds 
gather about the gadget, not its por- 
trait. 

As the most effective medium of ful- 
filling the basic tenet of our educational 
policy, we have found no substitute 
for the lecture. Accordingly it is in- 
tended that this activity will be carried 
out in the future on an increasing scale 
until such time as developments in 
educational procedure dictate a change. 


As additional aid and s 
intended that we will conti: 
duce monographs and educa 
erature as the need develops 
the student and the teacher 

In addition it is intended th: 
cooperation with educational] 
tions will be maintained as 
of continually studying the t 
methods and thinking, that we 
cognizant of their needs and 
fulfill them. 

It is further intended that 
maintain an open mind and char 
activities as conditions warrant 

This paper has outlined briet 
educational activities with a i 
purpose: (1) to indicate to edu 
what has been done for their assi 
and what is available for the f 
(2) to develop criticism and ¢ 
rently suggestions for changes a 
be necessary. 

Specifically it would be of ben: 
have an expression of opinion of 
cators on such questions as: 

1. Are you familiar with ou: 
ous publications of an education: 
ture? 

2. Have the publications to 
been of sufficient scope to meet 
needs in fields intended? 

3. What are the requirement 
commercial literature for the sci 
student? 

4. Have you made use of the |: 
service? 

5. Are you prepared to make greater 
use of this facility? 

6. What is your opinion of 
silent, sound, black and white 0: 
ored and of film strips for the 
sentation of such subject matter as is 
involved in the discussion of electrica 
indicating instruments? 

7. Does the industrial organiz 
have to participate in education o1 
the job be done entirely by the e 
tional institutions? 


The Army Industrial College —an Instrument for 
Perpetuating Industry-Armed Forces Teamwork 


By Colonel WALTER H. E. JAEGER, Director, Department of Research, Army Industrial College. 


morning is General Armstrong, 

who is the Commandant of the 
College. Unfortunately he could not be 
here and asked me to represent him, 
and to express his regret for not being 
here with you, since one of the most 
significant parts of the program of the 
Army Industrial College is the organi- 
zation of industrial advisory commit- 
tees, likewise committees from the sci- 
entific institutions, the educational in- 
stitutions of the United States, which 
participated in this war effort and 


"T om officer who should be here this 
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brought it to a successful conclusion. 
It is a very difficult and indeed a 
trying task to persuade the people of 
the United States at this time that 
planning for a future national emer- 
gency is an absolute essential if we are 
to survive. We observe a constant pres- 
sure on the legislative bodies to return 
the soldiers to their civilian occupa- 
tions, and I am convinced that the pres- 
sure from within is as great or greater 
than the pressure from without. 
Nevertheless, after the last war, 
when a similar tendency was very dis- 
cernible, the Congress enacted the Na- 
tional Defense Act of the ninth of 
June 1920. That statute was based on 
certain experiences gleaned during 


World War I. If you recall, during 
particular emergency there were 1 
false starts; there was much conf 
in Washington. Indeed, there 
those who suggested that Washi: 
had a virtual monoply on confi 
Some have carried that thought 
them to the present day. Into 
welter of confusion, however, ther: 
introduce a definite and specific i: 
mentality for a planning of indu 
mobilization for a future emerg 
That was a part of the Nationa 
fense Act, namely, Section 5-A. 
That part of the Defense Act c1 
an Assistant Secretary of War 
known as the Under-secretary 
charged him with the responsibi! 
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ing all planning for industrial 
iness for a future national 
cy. And more specifically, it 
: that officer of the War Depart- 
, ie Assistant Secretary, with a 
m planning activity. 
Uy, rv the Assistant Secretary there 
iblished on the 25th of Febru- 
24, the Army Industrial College, 
of the agencies to assist in 
x out this function of planning 
iture emergency from the point 
of industry. At the time, the 
Col had a single department known 
Department of Instruction, and 
ction of that department was 
to t Army officers in the ways of 
in , and especially procurement. 
A car after the establishment of 
ege, that is to say, 1925, Naval 
officers were added to the student body 
and to the faculty. 
Somewhat later, Army and Navy of- 
vere assigned from time to time 
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ficer's 

to various industrial establishments, so 
that they might learn at first hand the 
ways of industry and not just from 





pictures and diagrams or lectures. 

Today, however, the plan of the Col- 
lege has changed somewhat, and in 
addition to the Army and Navy officers, 
it is understood that key civilians are 
me a part of the student body 
in the first postwar course, which will 
begin on the fourth of January of the 
coming year, 1946. 

In the interim period from January, 
1944 to the present, over 4,000 Army 
and Navy officers and civilians have 
trained in the work of contract 
termination, at the express direction of 
the Under-secretary of War. But this 
mission is soon to conclude, and then 
in January, the work of training officers 
in industrial mobilization planning for 
a future emergency will begin in 
earnest. 

Prior to 1942, when the activities of 

College were suspended for two 
years since all of the members of the 
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staff and faculty and student body were 
needed in actual procurement functions, 
the College had been distinguished by 





a rather complete monastic celibacy and 
seclusion. As General Armstrong has 
said, the officers seemed to have taken 
at least two of the three vows that the 
mastie orders generally take. I leave 
it to your own judgment which vows. 
Now, however, the College has 
rged from its chrysalis and is ac- 
lively engaged in maintaining the re- 
‘ationships of the Armed Forces with 
lustry. At this very time, a board 
if general officers and flag officers, to- 
‘ther with key civilians, is meeting in 
Washington in order to determine the 
re purposes of the College and 
to change the name. We would like 
0 offer a prize, gentlemen, for a suit- 
able name. Many have been proposed, 
out not one has been found that is 
entirely suitable to express the new 
mis ion of the College: That is, the 
union of the Armed Forces and industry 
In ‘ls postwar activity. That is, from 
ioint of view it is postwar, and we 























hope that it won’t be prewar. That is 
taking the long range view. 

The theory of the Commandant is 
that the proverbial ounce of prevention 
has now become worth a ton of cure, 
in light particularly of the most recent 
developments, such as the atomic bomb. 
However, General Armstrong discounts 
somewhat the completely revolutionary 
effect of the atomic bomb, and for the 
following reasons: He suggests that in 
the past gunpowder undoubtedly was 
regarded by those who had to suffer its 
effects somewhat as the Japanese—and 
for that matter the rest of the world— 
may look upon the atomic bomb. On 
the other hand—and I am aware of 
the fact that General Groves said no 
later than last night that no counter- 
measures had been devised (that means 
as of now) — we assume that un- 
doubtedly there will be those who will 
be working in the laboratories on pos- 
sible countermeasures against the 
atomic bomb. 

In the meantime, however, it is our 
duty and grave responsibility to plan 
in the light of what is currently known 
and what is currently to be expected. 

As to the organization of the college, 
a striking innovation has come into 
being, aside from the joint effort of 
the Armed Forces and industry, in that 
there has been in existence, since the 
seventh of March 1944, a Department 
of Research which has as its primary 
function the development of the basic 


facts of the period of industrial 
mobilization that we have just gone 
through. 


Here we find a group of earnest and 
enthusiastic research analysts who are 
probing the various governmental 
agencies, and especially the emergency 
agencies who are making haste to de- 
part. These gentlemen are searching 
for the mistakes, the deficiencies that 
may be discernible in the operations of 
these agencies. When we recently pre- 
pared a series of charts to find out 
what happened to the various functions 
that were proposed in the Industrial 
Mobilization Plan of 1937 in the event 
of an emergency, three huge wall 
charts were not sufficient to record the 
names of all the agencies that had the 
duty at one time or another of adminis- 
tering these functions. We hope by 1960 
to have a master chart ready to show 
what happened to these functions. 

We do not approach the agencies with 
a blunt request for a statement of their 
sins of omission and commission. We 
simply ask this question: If you had to 
do it over again, how would you do it? 
It serves the same purpose, ladies and 
gentlemen, and is much more painless. 

The Department of Research is or- 
ganized into certain operating groups. 
The manpower group—which is con- 
sidered by the Commandant as one of 
the three legs of the tripod on which 
rests the industrial preparedness of 
this country—examines not only the 
population of this country and its divi- 
sion by sex, by industrial skills, by 
regions, by age groups, by physical 


capabilities, but it studies and analyzes 
the population groups of other coun- 
tries. There isn’t really very much 
point, ladies and gentlemen, in study- 
ing merely our own industrial potential, 


our own war potential—it must be 
studied in relation to that of other 
countries. 


So we have in addition to this man- 
power studies group a material studies 
group, which examines the raw mate- 
rials and the natural resources of our 
own country, again in relationship with 
similar resources of other countries. 
Then we have a group which may be 
of special interest to you, the industrial 
facilities group. Here the analysts ex- 
amine the productive capacity of the 
various plants, the factories or, as our 
British cousins put it, the “works,” and 
relate this to the location of these 
plants from the point of view of se- 
curity. 

And one of the principal research 
projects is that which deals with dis- 
persion. Yet in many respects the ideal 
dispersion and a blueprint for it must 
remain theoretical rather than practi- 
cal, because we have no way of per- 
suading the manufacturers and the 
producers to remove their plants from 
present locations, which may be ideally 
situated from a competitive point of 
view, and have them install these fac- 
tories and plants in huge caves in the 
Rocky Mountains or the Alleghenies. 
You can readily understand that the 
manufacturers might balk, likewise that 
the taxpayer might not be ready to 
part with his money in the furtherance 
of such an apparently chimerical 
scheme. 

But what we can do is to plan it and 
hope that the transition won’t take so 
long that by the time the transition is 
finished, or before it is begun, there 
will not be a United States. 

The theory is that an instantaneous 
total mobilization plan is essential. 
There are countries in the world that 
can move much more rapidly than ours. 
There are countries that by slight pres- 
sure on a push button can produce the 
war machine full-panoplied from the 
brow of the directing genius. In this 
country, conventions, conferences and 
other slightly organized methods of 
wasting time [Laughter] seem abso- 
lutely essential to accomplishing the 
objective. This is what causes the 
planning authorities in Washington to 
spend sleepless nights. 

That and the extraordinary lethargy, 
the firm determination to return to 
normalcy, that is, the normalcy of the 
sports page, the financial column, and 
above everything else, the comic strip, 
that seems to animate the vast ma- 
jority of the people. 

So we have progressed through three 
of these research groups, and in addi- 
tion, we have what is known as the 
seminar studies group, and there, ap- 
parently, we are guilty of the sin that 
I have just described, that of having 
conferences. In fact, we have had well 
over a hundred conferences with lead- 






November 1945—Instruments—Page 777 















































ers of industry, of the government, and 
of the armed forces. These conferences 
are recorded and the most secret and 
valuable information is carefully filed 
away in safes. 

This is the working material of the 
student at the Army Industrial College. 
That is where the people from the 
Petroleum Administration—and heaven 
knows, they have been roundly cursed, 
as have all the people in Washington; 
the people from the War Production 
Board — and they seem to live on a 
vocabulary of profanity; and all the 
other people who have tried to do some- 
thing in Washington, come and sing 
their swan song, how it could have 
been done better, why it wasn’t done 
better, how it should have been done. 

Now it is hoped that we can start 
our planning where the actual con- 
structive results left off in this war. 
And yet inertia will still continue to 
exist. We are not possessed — and it 
may be that I should add, thank God we 
are not possessed—of an organization 
that discards all human liberty. But as 
a substitute, then, for this highly effi- 
cient organization where one pushes a 
button and everybody marches without 
question, perhaps as a substitute we 
require a very intensive education as 
to the need for industrial preparedness, 


of men for instrument engineering by one who is not 

a specialist in that field seems inappropriate until one 
considers that the work of the instrument engineer spreads 
over and vitally affects nearly every scientific, technical and 
production activity which exists in modern industry. Those 
whose duties lie in these other fields constantly use the prod- 
ucts of his specialized technical skill and look to him for 
the assistance which he can render in the handling of their 
problems through his ability to design, construct, apply and 
maintain in proper working order the innumerable devices 
which provide the precise measurements and the indispensa- 
ble control on which all industrial success depends. Perhaps, 
therefore, one who has spent many years in industry con- 
stantly utilizing the products of the efforts of instrument 
men, enjoying contacts and association with them and in 
fact, assisting at times in the selection and preliminary 
training of young graduate engineers desiring to enter the 
instrumentation field, may bring to this Conference on In- 
strumentation and the University a point of view and per- 
spective which have value in supplementing the ideas of 
those more directly concerned with the specific details of 


[) ot men tor of the professional status and training 


instrumentation work. 


The rubber industry is one which has become highly in- 
strumented during the past thirty years, the period of its 
most rapid growth. The enormous growth of the industry 
was mainly a response to expanding automotive and aviation 
requirements but it has been dependent also, to a degree 
often not appreciated, upon the development of improved 
methods of measurement permitting accurate and rapid 
evaluation of new products and techniques as well as upon 

Presented at the Conference on Instrumentation And The University, 
Carnegie Institute of Technology, Pittsburgh, October 16-18, 1945. 

For DISCUSSION of this paper see pages 818-824. 
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so the next time there won’t be an in- 
dustrial Pearl Harbor. The Armed 
Forces’ Pearl Harbor was bad enough, 
but an industrial Pearl Harbor might 
prove fatal. 


So there in these seminar studies that 
I have referred to, we explore the 
actual industrial mobilization in this 
war, and we are greatly assisted by 
the numerous industrial advisory com- 
mittees that have been formed, in the 
iron and steel industry, the machine 
tool builders, farm equipment, the anti- 
friction bearing, the cotton textile peo- 
ple; there are a dozen or more of these 
committees in existence, and General 
Armstrong is most eager to see a simi- 
lar committee organized among the 
members of the Instrument Society and 
hopes that such a committee will come 
into existence. 


He has asked me to extend a very 
special invitation to the members of the 
Society and also to the representatives 
of the Carnegie Institute of Tech- 
nology, to form a committee where one 
of the most vital of all of the contribu- 
tions of industry to the winning of the 
war may be perpetuated. These ad- 
visory committees, as the name implies, 
aid the Armed Forces in the actual 
planning that is carried on. They tell 
the War Department and the Navy 


Professional Status and Training of Instrument 
Engineers and the Rubber Industry 


By ARTHUR W. CARPENTER, Manager Testing Laboratories, B. F. Goodrich Co., Akron, Ohio 


investigated. 


those who 
struments. 
what was 


the situation? 


the application of automatic control to production processes 
resulting in greater efficiency and better quality and w 
formity of product. Without these contributions — whic! 
were direct consequences of improved instrumentatior 

is doubtful whether either the quality or quantity of rubbé 
products produced could have been adequate to meet th 
needs. Nearly every important unit of the rubber industry 
now has a separate instrument department charged wit! 
responsibility of designing, specifying, applying and mau 
taining the instrumentation employed throughout the organi- 
zation. These departments are headed by thoroughly exp 
rienced instrument men, staffed with competent engineers 
and mechanics skilled in this field and provided with suit 
able workshops for their purposes. Their services are ut 

in practically all of the production and technical divisions 
of the organization. The rubber industry may therefo 
considered an excellent and typical example where the t 

ing and professional status of instrument engineers m: 


Before turning to consideration of instrument engi 
in the field of rubber (or in fact to the present-day s 
of instrument men in general) it may be well to give 
thought to some of those who were forerunners in the 
developed and applied some of the earlic 
What were their essential qualifications 
their status in the world of their time? 
changes have since occurred and how have these a 


Instruments for weighing were among the first a1 
ordinary balance was in use in the early Egyptian e! 
its origin is hidden by the dim mist of prehistoric ti! 
the field of optics, Seneca, the Roman philosopher 
Pythagorean and Stoic schools who lived during the t 
Christ, commented on the magnification effect of a 


Department whether a gi 

practicable and feasible o1 
The Armed Forces canr 

a state of vacuum—that ha 


tempted and it doesn’t work wn 
after all, knows how it is to ioe 
and it is the experience of stry 
that the Armed Forces musi lize 
constantly if a workable ji: a 
mobilization plan is to come ex 


istence. 
Perhaps the greatest emphas 
is on the time lag, that is, t} 
from the attack until the cou : 
actually able to retaliate. This t in 
terval has been steadily reduced the 
extraordinary advances in scien 
technology, and so therefore the tim, 
interval that is shown in the plan must 
be correspondingly reduced, but pe 
haps in even greater proportion. 
I have endeavored this morn 
tell you something of the Army Indus 
trial College, its history and organiza- 
tion, and above everything else, the 
mission that it has by statute and by 
regulation. In behalf of General Arm 
strong, the Commandant of the Arm 
Industrial College, I want to thank you 
very much for your kindness i 
viting a representative of the Colleg: 
to appear this morning. I do appreciate. 
your kind attention. 
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lis t in- 
iced the 
cienc> andi globe ‘filled with water though he knew nothing of the light researches and inventions and was unsurpassed as a de- 
e the timeff refraction which caused it. Claudius Ptolemaeus, the cele- signer of delicate apparatus; Wilhelm von Roentgen, Pro- 
plan must ff brated Egyptian astronomer and mathematician who was fessor at the University of Wurzberg, the discoverer of 
, but per born in 70 A.D., was familiar with the laws of light refrac- X-rays, Sir William Crookes, inventor of the radiometer as 
tion. tion and even dealt with curved surfaces in his writings but, well as the Crookes tube; Heinrich Hertz, Professor at Bonn 
norning tof so far as is known, he never discovered the magnifying who devised a detector for the electromagnetic waves pro- 
my Indus. power of curved bodies caused by their refractive action. duced by oscillating circuits which had been predicted some 
Organiza. Lenses were invented sometime between Ptolemaeus and 24 years earlier by James Clerk Maxwell. 

else, the Roger Bacon, the great English monk and philosopher edu- These great pioneers in instrumentation and the count- 
ite and by cated at Oxford and Paris who wrote his general treatise less others who contributed to its progress seem to have had 
eral Arm. on the sciences in 1266-1267 A.D. Bacon discussed lenses in certain characteristics in common. First, they were thor- 
the Army detail but made no claim for their invention. In his old age, oughly trained in the fundamentals of mathematics and the 
thank you ff he even wrote that he was unable “to read or write without physical sciences so far as these were known in their time. 
ess in in- the glasses they call spectacles, lately found out for the Then, too, they usually lived and worked in the thoughtful 
he College ff benefit of old men when their eyesight gets weak.” For three and studious environment of the university. The association 






centuries thereafter nearly all of the work in optics was of the university and instrumentation is particularly no- 
done by the spectacle makers who constructed both the first table throughout this entire development. Furthermore, 
telescope and microscope. In 1590, a Dutch spectacle maker these men possessed inquiring minds. They were inventive, 
by the name of Jansen invented a compound microscope con- alert to new ideas and everlastingly conducting individual 
sisting of a convex objective and a concave ocular. Soon yesearch to open new horizons. Finally, they had to have a 
afterward, the German astronomer and mathematician, high degree of mechanical skill and manual dexterity either 
Johann Kepler, Professor at Gratz and later at Linz, dem- jn themselves or in the person of some associate so gifted 
onstrated the advantages in the use of two or more convex through whom their ideas could be converted to actualities. 
lenses to obtain larger images. Kepler however depended [pn passing, it may be noted that most of these men occupied 
on the greater mechanical ability of a less brilliant scientist, jmportant positions among their associates—that they en- 
Christopher Scheiner, for the actual construction of the joyed great respect and high professional standing. These 
Keplerian telescope and microscope. In the field of heat, the ¢haracteristics are as necessary today in instrument engi- 
thermometer for measuring temperature was invented by neers as they were in earlier times but the difficulty of 
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rocesses 
ap uni- @ Galileo, the great Italian physicist and astronomer who was acquiring the proper training and of securing professional 
;— which § educated at the University of Pisa where he became a pro- recognition has been enormously complicated by the tre- 
tation—it § fessor of mathematics, later removing to Padua and to mendous expansion of scientific knowledge in widely diverse 
of rubbe Florence. He constructed a hydrostatic balance in 1586, a folds and by the advent of our industrial age with its mass 
meet the telescope in 1609 and his thermometer sometime prior to production and regimentation. 
industry § 1600. The thermometer was greatly developed by his pupils In a modern mass production industry like rubber manu- 
| with the @ during the succeeding forty years and in 1641 the Florentine facture, the work of an instrument engineer covers so broad 
nd main- § Philosophers were using an instrument consisting of a bulb 4, scope that a young man fresh from school finds himself 
e organi- f filled with alcohol with a sealed stem graduated according  ¢ajjed upon to use detailed knowledge which is ordinarily 
ily expe ‘0 an arbitrary scale. classified in several of the different branches of science and 
ongineers Work with electricity is much more recent and it was not engineering including mathematics, physics, mechanical en- 
vith suit- J until near the end of the eighteenth century that Count Ales- gineering, chemical engineering and electrical engineering. 
e utilized J sandro Volta, the Italian physicist who was a professor at Ye usually feels insufficiently prepared in some of these re- 
divisions § Como and at Pavia, invented the electrophore, the electro- quirements because they are never all adequately covered 
refore be Jf Scope, the condenser and the voltaic pile. After the turn of jn any single four-year college training program at present 
he train the nineteenth century, Ohm, the German physicist who available in our universities and technical schools. He must 
s may be taught mathematics at Cologne and at Berlin University pave, also, marked ability to work with his hands and a 
and later became professor of physics at Munich, formu- strong curiosity as to what is happening and what makes 
ngineers late d the laws of current conduction. About the same time jt go, This extremely broad base for his activities is due pri- 
y status J Ampere in Paris, Professor of Mathematics at the Polytech- marily to the fact that such a comprehensive business recog- 
ive brief | ™¢ School and at the Collége de France, demonstrated the njzes no border-lines between the traditional classifications 
en field relation between electricity and magnetism. Then followed  o¢ technical knowledge but uses any process or tool which it 
Mest in- the discovery of electromagnetic induction in 1831 and the can employ to good advantage, Over the years, the rubber 
ons and § ®Stablishment of the laws governing electrolytic action in industry has learned how to make and apply more than 
2? \\hat fF Solutions, by Michael Faraday, the English physicist and 309,900 different articles of rubber which are employed in 






chemist who was made professor of chemistry for life in the 4) sorts of services for mankind and flow through the chan- 
Royal Institution and who prepared the way for nearly all nels of commerce into nearly all other industries and human 
of the subsequent practical and industrial applications of activities. In the manufacture and use of these products, it 
electricity. Many followed in quick succession: Lord Kelvin, seldom is possible to segregate one process as entirely chem- 
Professor of Natural Philosophy at Glasgow who invented cal and another as wholly electrical or mechanical. The 
the mirror-galvanometer and numerous other electrical in- border-lines overlap and anyone who is concerned with the 
struments, a new compass and a tidal gage and who domi- measurement and control of what is happening must be 
nated the science of physics during his lifetime through his Continued on page 846 
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Radar Techniques in Instrumentation 


By EVERARD M. WILLIAMS, Associate Professor of Electrical Engineering, Carnegie Institute of Techn: 


hearing a great deal about radar 

and associated military electronic 
equipment. Requirements for radar ap- 
paratus have resulted in a great deal 
of invention, development and refine- 
ment throughout the electronic art. It 
is certain that some improvements in 
the electronic art will influence instru- 
mentation. It is the purpose of this 
paper to review briefly, with instrumen- 
tation education in mind, the direction 
that strictly electronic developments 
have taken and illustrate some specific 
instrumentation applications. These de- 
velopments may necessitate some exten- 
sion —if not modification— of course 
content where specialized advanced 
courses are offered. 

Developments (other than the com- 
plete radar systems) in the electronic 
art associated with military radio may 
be summarized as— 

(1) Tubes and circuits allowing im- 
proved functioning at very-high, ultra- 
high and super-high frequencies; and 
operation at frequencies for which no 
equipment formerly existed. By im- 


OR the past few years we have been 


Presented at the Conference on Instrumenta- 
tion And The University, Carnegie Institute of 
Technology, Pittsburgh, October 16-18, 1945. 
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proved functioning we refer to the 
greater efficiency of oscillators and 
amplifiers, higher sensitivity of detec- 


tors, and greater power-hand 
pacity of all high-frequency « 
(2) A new and diversified 





System 
Element 


Function 


Sketch of element output 





Produces continuous emf. 
output proportional to peak 
of impulse. 





Divides emf. delivered by 
peak detector in half. 





Supplies threshold adjust- 
ment to clipper at 14, peak 
amplitude so that clipper 
output is portion of pulse up 
to a \4, amplitude horizontal 
line. 








Performs gating operations 
on signal as indicated in 3, 
above. 











Differentiating network. 
Delivers impulse derivative 
with respect to time. 








Clipper which flattens tops 
at predetermined level. 


pete 








Differentiating network. 





 —_r 





Removes positive emf 
pulses and inverts polarity 
of negative pulses. 


S 
Wy 

















Uses the positive pulse com- 
ponent of output of 5 above, 
to unlock the peak detector 
12 so that it will function 


eee es — C- 


only during the duration of 


than on the pulse intervals 


the original ise rather « 


as well 
4 





When excited by a pulse this 
element short-circuits its 
output terminals. 
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put 


Out, 
Conductance 




















A constant-current element 
charges a capacitor which 
appears across the output of 


acitor 


Cap 
Em 


fm 











This peak detector which is 
unlocked at time t; delivers 
a continuous current output 
proportional to the peak 
emf. (occuring at time te). 
It does not respond to the 
higher peak indicated as im- 
mediately following the te 





Current 











peak since it receives no un- 
locking pulse for this. Its 


current persists u! 
next unlocking pulse 





Current indicator giving ob- 
servér direct reading. 





Fig.3. 








oo circuits—gates, flip-flop cir- (3) A variety of display systems procedure to design electronic sys- 






euits ulse-forming, -shaping and_ utilizing cathode-ray tubes. tems to operate in the —54° to 71°C. 
+] + circuits, ete. New devices have been accompanied ambient temperature range, continu- 






by improvements in components pers ously under 100% humidity, to with- 


“video” has come t 1 itti j i 
oe Bangg Fin 7 reliable Operation under un- stand salt spray and even, if necessary, 
tion and control, although orig- favorable conditions of temperature, to withstand the enormous accelera- 



















































































































































































































































































































































































ane 
nded only for the low-pass ampli- 4 = ; , : 
= of piebebe (tclovidion oe @ae- pressure, vibration, ete. It may now tions encountered in artillery projec- 
and juipment. be considered a matter of standard tiles. 
t Ca- 
> de Coding System Electronic devices can be used in in- 
fied ; : sail Gated Single circuit strumentation systems: those in which 
; _ gen a = Amplifier ive cer coe electrical magnitudes are measured di- 
7” Gated 4 > h rectly or those in which other physical 
: te Fg Amplitier y magnitudes (force, temperature, ac- 
emf. Her > : > Vertical def?’ celeration, etc.) are converted into elec- 
| t 5 FLA Cireuit 112 trical magnitudes; changes in the elec- 
em/.4-—— » . honk trical magnitudes (electromotive force, 
—— — Flip-fi Blockin . Cathode-ra EAS © ee fete ; 
tof 5—— q PT] oP vas é pret Tube “| current, circuit parameters, etc.) are 
"3 4 Cirtuit Oscillator en ri) Sudieas amplified, modified, or converted by the 
mee Oe A 6 Moria, | +7°44¢2tOr" | clectronic system to derive the required 
: 7|fip-Rop 7d pe not indications. It is in the field of “de- 
vor etc, Cireuit Vp Decoding System rived” indications that the author an- 
3 ticipates the greatest use of radar tech- 
Time+ { niques. Consequently most of the con- 
aaa ae 13 tribution to instrumentation will be 
from (2) and (3) above. 
By way of illustration let us first 
— - Sketch of consider the problem of deriving an 
Fig. 4. Remote-indicating System. Indicator screen indication from a physical magnitude 
which, when converted into electromo- 
— tive force, varies in time according to 
Elem Function Sketch of element output the sketch of Fig. 1. The desired de- 
i rivation is assumed to be a direct indi- * 
ae are wre ae a cation of the average duration of the 
‘e turned off and on .S nulse. wi ' “ati xnressed as 
emia uabeinik tak to E~ pulse, with the duration expressed as 
—___ hile aitiiie cecil. When the time interval between half-ampli- 
an emf. “ep at the gate — | = tude points on the pulse. A single-line 
me circuit the amplifier 1, for = > ime > block diacgr: . . beta cid 
: lal ck diagram > radé schnician’s 
iemmaan wikdaunlity eeok =a < diagran of the rad ur technician s 
a As soon as the gate emf. & 8 solution to this problem ,is shown in 
ceases, the amplifier ceases ; Fig. 2. In Fig. 3 the operation of the 
to function. 2s system is explained step by step. Such 
gf a system could be designed to function 
- a) with pulses of approximately 1/3 micro- 
oe mea t . second or longer. 
4,7,9 These flip-flop circuits when a | As a second illustration let us con- 
excited with a pulse from Slo ; j “hi 
the differentiating circuits 6 & | sider the system of Fig. 4. This was 
a 6,8 and 8 will generate the gate- a's | devised to give a simultaneous or 
ts opening pulses. The flip-flop | nearly simultaneous remote reading of 
4 is started by an impulse ie ! ‘enty physical rnitudes ler 
from blocking oscillator 5. Pes ae eee — 
The derivative of the trail- a ditions permitting only a single circuit 
ne a dy ah gy = : between the system under observation 
: ulse triggers, through cir- Bo BS is svstem is ca- 
cuit 6, flip-flop 7, ete. a | and the indicator. This system is ca 
30 | pable of giving readings in sequence 
wu. Md with approximately one microsecond 
9° | required for the transmission of each 
oh impulse and, therefore, with twenty 
5 ; magnitudes to be measured, can display 
Sy | each of these approximately 50,000 
° times per second. Step-by-step opera- 
— A | tion of this system is described in Fig. 
RC.) | ; 
Su These illustrations are given to avoid 
va oad S89 | | answering specifically the query “Just 
zt - ee | what is a Radar Technique?” They con- 
. * ° y y y > ca} . r . 
This blocking oscillator sup- _ flop circuits. Its syndhroniz- vey an impression of immense versa- 
—- 7 a —_ negative me ing impulse also appears on tility in electronic circuits; indeed dur- 
—— pulse which initiates the _ the circuit so that the indi- j ; . ici 
; : so th ing the war many radar technicians 
train of sequential gate-  cator trace is initated at the ne ey : ei “ 
- opening pulses in the flip- correct instant. were characterized by a “state of 
iindinteniatisimendinle T mind” in which they believed that elec- 
Synchronizing impulse from tron tubes and their associated circuits 
oscillator 5 starts horizontal ‘9 8 | ; l we-snigetine nian oe . cm we ‘ - 
— — sweep generator, which pro- :8,. | cou d be made to perform any and all 
ur duces saw-tooth wave neces- § © SS functions that can be reduced to elec- 
sary f ‘ t Sas ; ; 
Ise sary for even spacing of Xo | trical magnitudes. Although the elec- 
_ - gated amplifier outputs Ly troni tthod is t necessarily always 
along the indicatbr trace as $ ronic method is not necessarily always 
a in 13 of Fig. 4. the most profitable, some of this atti- 
a . tude will surely be of great value in 
F S the instrumentation art. 
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Instrumentation in the Electrical 
Engineering Curriculum 


By FRED H. PUMPHREY, Educational Service Division, General Electric Company 


AM in a very enviable situation, in 
that nearly everything I had in- 
tended to say has been said, and 
therefore all I have to do is call atten- 
tion to some of those points and draw 
some tentative conclusions from them. 

Yesterday we had a number of very 
interesting talks. In one of them Mr. 
Webb called attention to the usual de- 
ficiencies of engineers—a weakness of 
physical concepts, an inability in han- 
dling electrical engineering techniques 
as applied to problems, and an inability 
to write good reports. After having 
some experience with the War Depart- 
ment in trying to write reports that 
could not be misinterpreted, my sym- 
pathy lies with the students. There was 
an indication, therefore, that further 
emphasis should be placed on physi- 
cal concepts, on the techniques of prob- 
lem solution and on the reporting of 
the results of these solutions. 

___ Mr. Webb, Mr. Carpenter and Mr. 
Ferguson tied instrumentation and au- 
tomatic control together, and in that I 
am very happy because it seems to me 
impossible for the colleges to set up a 
program on instrumentation as dif- 
ferentiated from automatic control: 
Those two are so closely allied that 
from the institutional point of view I 
think the colleges will want to treat 
them together. Mr. Ferguson also em- 
phasized the need for post-college train- 
tng, either in the form of short courses 
or correspondence courses. 

Improved techniques such as sound- 
slide-films, wall charts, etc., were also 
mentioned by Mr. Young and Mr. Para- 
chini, and I believe that it is possible 
to develop such a technique at the col- 
lege level. Very little has been done as 
yet but I see no reason why it can- 
not be done. It means a sales program 
on the part of some of us in industry 
to persuade the industrial people to 
do some of these things, but I am not 
discouraged about that. 

With this general background, there- 
fore, I want to call attention to some 
of the statements of educational phi- 
losophy of the General Electric Com- 
pany which have been made in recent 
years. The first is a paper written in 
1941 by Mr. R. C. Muir, Vice President 
of the Company and General Manager 
of the Apparatus Department. Mr. 
Muir called attention to the soundness 
of the engineering program as of that 
time. He was right: the colleges on the 
whole have done a bang-up job, and the 
fact that their graduates don’t know all 
there is to know about physics or 
science, or all there is to know about 
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the techniques of engineering proce- 
dures, is not too much of a criticism 
because—as has been mentioned—there 
are only four years available for col- 
legiate instruction at the Bachelor’s 
level. 

At that time Mr. Muir called atten- 
tion to the possibilities of improving 
teaching techniques. Many of these 
teaching techniques have been devel- 
oped in connection with the work of 
the Armed Forces, and when we are 
thinking in terms of setting up new in- 
strumentation instruction we _ should 
not disregard those possibilities. 

The second article which I want to 
mention is a recent one by Messrs. Bor- 
ing, Stevenson and McEachron, pub- 
lished in April of this year in the 
Journal of the Society for the Promo- 
tion of Engineering Education. The 
authors oppose specialization; they 
plead for a more solid foundation of 
engineering science. They indicate an 
interneship in industry as the solution 
to specialization. They emphasize the 
need for a continuation of training into 
the post-college years—the plan which 
has been mentioned in this Conference. 
They stress leadership, that rather 
etherial quality which permits a man 
to get others to do the things he wants 
them to do and like it. They then call 
attention to one other item which has 
not been taken up in this Conference 
as yet, and that is the importance of 
the teacher. 

How are you going to get instrumen- 
tation instruction in the colleges until 
the college teachers know instruments? 
Mention was made of short courses. 
Let me urge that the first short course 
be one for professors. In general the 
professors have to know so many sub- 
jects that it is almost impossible. for 
them to keep up-to-date on everything, 
and, gentlemen, the members of the 
Instrument Society of America have a 
job to do in educating the instructors 
for these courses. 

Now with those statements of gen- 
eral policy, with which I am _ whole- 
heartedly in agreement, I am going to 
indicate some ideas of my own. Men- 
tion was made this morning (although 
not in exactly the same words that I am 
going to use) that there are two types 
of information which we generally 
present in our engineering college pro- 
gram. The first type has to do with 
fundamental physical facts and the 
ability to use them in solving physical 
problems. This we may call the science 
of engineering. 

Many of you have been talking not 
about the science of engineering but 
about the art of engineering, and the 
art of instrumentation engineering 
specifically. That is different. 


The art of engineering requ 
knowledge of manufacturing 
it requires some knowledge of n 
which are available; it requir 
knowledge of the kind of produ 
you can buy down on Radio |] 
other such place in starting to s 
project on instrumentation. That 
art of engineering. 

These two are not unrelated, 
is usually necessary to know som 
of the art of engineering in or 
get good practice in the science 
gineering. When I first entered teac 
ing I had been doing power-plant work 
and I was imbued with the idea that | 
was going to teach some of the concepts 
of selection of equipment in 
plant operation. I went in to th« 
and began to talk about some of 
things and, toward the end of the how 
one of the students timidly raised hi 
hand and asked, “What is a hot wel 
pump?” Everything that I had sa 
meant nothing, because the student 
didn’t know the terms I was using. § 
I had to take about two months off t 
teach the nomenclature and terminology 
of power plants. After that I had a fey 
weeks to try to meet the objectives 
which I had set up. 

Now you can’t do an adequate job ir 
the science of engineering without some 
knowledge of the art of engineering. In- 
strumentation and control provide % 
very fertile source of illustrations of 
the application of the science of eng 
neering which require a minimum bac! 
ground in the art of engineering. Ther 
fore, it seems to me that it is an un 
usually desirable method of presenti! 
these *undamental concepts whic} 
have all agreed are so important. 

The fact that instrumentation 
important commercially and such a 1i' 
subject all over the country is not ¢ 
disadvantage. The students will tend t 
eat it up, I believe. Certainly, ther 
fore, the increase in emphasis on 1 
strumentation in engineering instruc- 
tion seems to be a logical conclusion. 

One obvious solution is the elective 
course: Such a course can be used t 
velop further understanding of fu 
mental concepts of physics at the same 
time that you are building up some 
cepts of the art of instrumentation; 
this course should not be given i1 
electrical department alone, nor s! 
it be given in the chemical depart 
alone, nor the mechanical. It shou 
a codperative program of the several 
departments. I can’t imagine very 
chemical engineers being qualifi« 
give an adequate presentation of 
tronic metering procedures, neith« 

I conceive of the man who is a 
on electronic metering being ab» “ 
have the feel of the application of that 
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of instrumentation to process 
ng. So I think that codpera- 
needed. 

The ‘ess obvious, and the more diffi- 
It hod—possibly the better if it is 
to achieve—is to place some 
s on instrumentation in all 
That is, to utilize illustra- 
















qui Some ll tior * instrumentation in the mathe- 
& mc-hods: Mi mat course, in the direct-current 
of ma erials circ course, in the alternating- 
UTES som, curr’ circuits course, in the process 
oduci« that engineering course, and in the materials 
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P aM have .ncreased your problem, because 
That is the every man that uses those illustrations 
will jive to understand instrumenta- 
ted, Snd 1 tion. 
“gene oe Finall y, some industries probably will 
eee of “a need S} ecialists in instrumentation ; and 
red teach. I agre with the speakers this morning 
plant work that for this specialization there should 
idea that | be a g aduate program. It may be pos- 
1e concepts sible, it may even be desirable, that the 
in power. undergraduate program be pointed 
> the class fy Somewhat toward the graduate pro- 
e of these gram, but in general I don’t think 
f the hour specialization in instrumentation should 
raised his f° included in anything less than a five- 
1 hot wel qm year program. 
had said The question is, what to do about it? 
» students 1 am going to make some suggestions 
using. So ff which I hope the Instrument Society of 
iths off to America will not feel are presumptuous 
rminology on my part. I think the Instrument 
had a few Society of America has a grand oppor- 
objectives fF tunity, and I am sure that you are go- 
ing to use it. 
ate job in Let me preface my suggestions by 
hout some @ saying that several years ago I sug- 
ering. In- &§ vested that the curriculum in the Army 
provide 4 @ specialized training program in electri- 
ations of ca] engineering should include a course 
of engl @ on servomechanisms: immediately this 
ium back produced a flood of letters into the office, 
\g. There- § “What is servomechanism?” Now then, 
iS an Un M.I.T. had already established a pro- 
resenting 
which we 
nt. 
ion is s 
ich a live 
is not a 
1 tend t 
Ys egg HAT is “instrumentology”? I 
s on Ir : 
atieen have chosen this word because 
heeion to me instrumentation has al- 
dlective Ways meant the application of instru- 
ed to de. fy Ments to the control of industrial 
processes and manufacturing tech- 
f funda #,. ; 
De nants niques, and has not included methods 
of measurement, distinct from the 
yme con- Bo. ; 
.. , @ Particular instruments used to carry 
ton; 0. i them out, theories of design of instru- 
1 in the : She 
- chonid  Ments themselves, distinct from what 
os out they are to be used for, nor theories of 
Tad te instrument performance, distinct from 
ancotil methods of measurements. An instru- 
: ment engineer should know a good deal 
_ ’ | 2bout methods of measurements and 
ifie’ t < 
af cles theories of instrument design and per- 
her ca! =e. . 
sa? Presented at the Conference on Instrumenta- 
A . ton And The University, Carnegie Institute of 
ab to Technology, Pittsburgh, October 16-18, 1945. 
of that _~or DISCUSSION of this paper see pages 

















cedure for setting up a program for in- 
struction in ultra-high frequency tech- 
niques ; they had called in representatives 
of some 75 engineering colleges to a two 
weeks’ session at the Institute, and 
they said, “We know that the govern- 
ment is going to need a lot of men 
trained in ultra-high frequency tech- 
niques.” (People weren’t using the word 
radar in those days). “Heretofore it 
has been entirely a graduate program. 
Now it has to be taught in the under- 
graduate program. How are we going 
to do it?” Dr. W. L. Barrow and his 
associates, along with these teachers 
from some 75 colleges, developed in 
those two weeks a curriculum in ultra- 
high frequency techniques that was a 
tremendous help in making effective the 
program of electronic instrumentation 
—radar—which permitted our armed 
forces to really do a job. 


When we who were organizing the 
engineering curriculum of the Army 
Specialized Training Program came to 
servomechanisms we said: “That meth- 
od is good, we’ll use it again,” and so 
we called on Dr. Brown and Mr. Camp- 
bell to set up a similar program. After 
a week we came out with a course on 
servomechanisms. It wasn’t perfect; 
everybody didn’t follow it to the letter; 
but every one was giving their stu- 
dents something of that interest in 
dynamics, that Dr. Brown described as 
“putting a gleam in their eye” this 
morning. 


Now, gentlemen, I don’t see why you 
can’t do that same thing with instru- 
mentation. I don’t believe there are 
more than a dozen college professors in 
the United States who are competent 
to set up a program of instrumentation, 
a real instrumentation course. The rest 
of them won’t do it, you will have to do 
it for them; or you will have to get 
them together and do it codperatively 


formance in order to be successful in 
the instrumentation of a process. “In- 
strumentology” was recently proposed 
by Paul E. Klopsteg! as a contraction 
of “Instrumental Technology.” 

All of science is based on experi- 
mental proofs of theories by means of 
measurements with instruments, and 
all of engineering makes use of quanti- 
tative information based on established 
standards of measurement, and the 
techniques of instrumentology. I am not 
laboring to broaden the meaning of this 
word. I am merely facing the unavoid- 
able fact that instrumentology pervades 
all of science and technology. Years 
ago there were established in various 
countries many bureaus of “weights and 
measures” where the science of “metrol- 
ogy” was applied. Metrology has meant 
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—which I think is probably better. 
You should get a large group to- 
gether, but you don’t work in large 
groups; you break up in committees: 
You have a committee on equipment, 
another on process instrumentation, an- 
other on electronic instrumentation, 
and another on this, that and the other 
thing, Professor Brown can tell you 
all about it. It seems to me that this 
is the kind of thing which the Instru- 
ment Society of America can do, and 
when you do it you will get instruments 
and instrument courses into the curri- 
cula—and in my opinion not before. 


When it comes to getting the illustra- 
tions of instrumentation to the profes- 
sors who are teaching a course in 
mathematics, or in d-c. circuits or a-c. 
circuits, or some other specialty, you 
have still a different problem—an even 
more difficult problem. In this case you 
must provide those illustrations. You 
must provide them in detail. You must 
supply them regularly, must keep 
pegging at it. The professors are just 
as pushed for time as most good engi- 
neers—and when they find a good illus- 
tration already set up for them, they 
will certainly make use of it. 


It is up to you gentlemen to supply 
these illustrations, because you know 
what they are—the professors don’t. 

It may be that the instrument com- 
panies, General Electric included, will 
have to work with you in setting up the 
necessary equipment to do this job; if 
and when a real course is outlined. I 
don’t think the instrument companies 
will have too much difficulty in that. 


Gentlemen, I think that if you do 
these things you will be surprised at 
the progress you will make in instru- 
mentation instruction in the colleges. 
You have a grand opportunity and I am 
confident that you are going to make 
use of it. 






Fitting Instrumentology into the College Curriculum 


By C. O. FAIRCHILD, Director of Research, C. J. Tagliabue Div., Brooklyn, N. Y. 





the measurement of length (and vol- 
ume), mass and time, and the establish- 
ment of standards for these quanti- 
ties, and the word is seldom used to 
signify the science of measurement. Just 
as the National Bureau of Standards 
with its exceedingly diverse activities 
has grown from the Bureau of Weights 
and Measures, just so has instrumentol- 
ogy grown to become a vast and com- 
plex assemblage of sciences, technolo- 
gies and mostly applied arts, which is 
apt to dismay us in that aspect. 

But we should be no more dismayed 
by this picture than we are by the 
vastness of applied physics or chemis- 
try. We should direct our attention 
rather to the recognition and establish- 
ment of instrumentology as a technol- 
ogy having its own well-established gen- 
eral principles of measurements and 
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control and vast fields of application. 
There is a science of instrumentology, 
both theoretical and applied. Perhaps 
the term Metrology is more acceptable 
as meaning theory of measurements, 
but we are concerned particularly with 
the general and pervasive nature of 
instrumentology in order to resolve the 
problems of fitting it into a curriculum. 
We are supported indirectly in our 
thinking of instrumentology as a de- 
finable applied science by Klopsteg! 
who describes research laboratories of 
instrumentology in a graduate college, 
whose work would constitute “the appli- 
cation of science to science itself.” 
Klopsteg’s long experience both as busi- 
ness man and promoter of science edu- 
cation, has led him to emphasize the 
importance of instrumentology in the 
sciences, and the occasional added im- 
petus given to progress in a science by 
the development of a new instrument 
for measurement or observation. 
How can so complex a technology be 
fitted into a curriculum? Unless we es- 
tablish a separate major course in it 
leading perhaps to the degree of Instru- 
ment Engineer, we cannot hope to com- 
pact it into its own niche. But first we 
must consider what is wanted and 
needed today by industry in the recruit 
engineer. Homer L. Dodge? said a few 
years ago, that “industry is realizing 
that it must go back of engineering to 
the parent science, physics.” This is a 
brief statement of a broad concept, the 
dominant note of which appears to be 
simply that engineers are found not to 
be trained adequately in the fundamen- 
tals, and where these fit into the com- 
plex fabrics of the applied sciences— 
engineering. Gustav Egloff has often 
stated his preference for men trained 
in the fundamentals, whom he would 
teach the special techniques and factual 
information of his own interests. Al- 
though industry is now faced with a 
serious shortage of trained men in al- 
most all fields of science and engineer- 
ing, nevertheless I would suggest that 
colleges aim to supply the men well 
trained in the fundamentals and leave 
it to vocational schools to supply the 
needed technicians. This means that 
the ulttmate aim of the college should 
be to establish a course or courses that 
will make an instrument engineer well 


2. “Physics in Industry,” American Insti- 
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trained in the fundamentals. As usual 
these fundamentals should be mathe- 
matics, physics, and chemistry, with 
stress for the instrument engineer on 
advanced mechanics, thermodynamics, 
mechanical vibration, alternating cur- 
rents, wave motion and heat transfer— 
and the theories of measurement as a 
special short course. Such a major 
course should also include short courses 
in the general theories of instrument 
design and performance, and automatic 
control. 

While the major course is being 
planned and until it is set up, the vari- 
ous branches of instrumentology should 
be taught in conjunction with the top- 
ics to which they are naturally related. 
Here are examples: (1) The measure- 
ment of mechanical properties with 
strength of materials; (2) temperature 
measurement with heat, thermodynam- 
ics and all topics involving thermal 
processes; (3) flow measurement with 
fluid dynamics; (4) microscopy with 
metallography, petrography and micro- 
chemistry. We soon find, however, in 
attempting such correlation, that there 
are innumerable cases of serious over- 
lapping. No doubt temperature meas- 
urement is the most troublesome case 
and as to electrical measurements we 
must distinguish between instruments 
for measuring electrical quantities and 
those using electrical methods _inci- 
dentally. There are two primary -an- 
swers to this problem of overlapping 
interests. One is the complete separa- 
tion of each branch of instrumentology, 
such as pyrometry or electrical meas- 
urements, and the other is the complete 
weaving in or absorption of instru- 
mentology into the curriculum. This ab- 
sorption simply means being more in- 
strument-minded, using more instru- 
ments in all instruction, and teaching 
more about the theories, methods and 
errors of measurement and the relation 
of every measurement to a theory and 
a standard. Instruments should be used 
as much as possible for demonstrations 
accompanying lectures, and profusely 
in all laboratory courses. Students 
should be taught from the beginning 
that measurements with a thermometer, 
ruler, voltmeter, or chemical balance 
are always wrong. They should be 
taught that a thermometer always gives 
the wrong answer not only because of 
the emergent stem, but because it has 


not been calibrated exactly rig! 
because it will never be at exact 
same temperature as the thing 
measured. The notorious over-conf 
of students in the accuracy of « 
ments should not be condoned to 
loss of interest, but should be ex; 
as pride in precision, with the a 
panying explanation that a dete? 
tion of the accuracy of the resu 
ually requires a separate series 
periments. I do believe that the 
tion of all measurements to star 
the physical and chemical constants 
and the methods of interpolati: 
establishing measuring scales, « 
be overstressed. Instruction instru 
should be selected for their sim; 
and theory of design, and the st 
should be required to learn how 
tain the best results with each i: 
ment used. That is, he should learn 
to calibrate it, and relate his ca 
tion to a standard, why he use 
method of measurement, and what « 
ditions (such as temperature of t! 
strument itself) should be wat 
Wherever it is practicable, at least t 
instruments—employing different 1 
ods—should be used for the same n 
urement. This is important becaus 
is the best way to teach the skeptic 
of instrument readings that must 
come second nature to the experim¢ 

To be sure, there are many fact 
that interfere with the absorptio: 
instrumentology, the principal on¢ 
ing the indirectness of so many n 
ods of indication, and the empi! 
nature of the conversion so often f 
in electrical instruments for measu 
non-electrical quantities. The us« 
such instruments for demonstr: 
may be too distracting from the re 
topic. 

Probably the first branch of i 
mentology to be taught in a se} 
course was pyrometry, which has 
taught in scores of colleges for th: 
twenty years, and in many inst 
has included thermometry. The c 
is found sometimes in the departm: 
physics, and sometimes in the d: 
ments of electrical, mechanical 01 
allurgical engineering. This is 
terial until the time comes whe! 


3. R. B. Sosman, in “Temperatu 
Measurement and Control in Scienc: 
dustry,” Reinhold Publishing Co., N¢ 
1941; page 327. 
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sh separate courses established 
them under instrumentology. 
suggest that the courses in py- 
and thermometry should in- 
re theory of heat transfer and 
¢ a. omatie control. Perhaps auto- 
ntrol is best taught as a sep- 
ibject to include the principal 
s such as temperature, pressure 
. I might suggest that courses 
‘» in ustrial electronics and electrical 
sntro. eventually be included in modi- 
or courses in instrumentology, 
of the close relationship of in- 
ts to the principal machines 
ices used in these two fields. 
ate courses should be planned 
y other important branches of 
ntology, not only where auto- 
nstruments are now available 
t and factory control, such as 
perature, flow, pressure, liquid 
eed and position, pH, humidity, 
g, and various properties of pro- 
‘ts, but also in the control’ and re- 
aboratories for mechanical and 
electrical testing, spectrography, color- 
imetery, metallography, microscopy, in- 
r electronic, polarimetry, and x- 
ualysis. Merely listing these re- 
that instrument engineers will 
specialize, and we shall begin 
to wonder just how much difference 
here can be between an instrument 
engineer and some other engineer—or 
perhaps I should say some other tech- 



























have to 













nologist. 

To a large extent we have the old 
story of eternal vigilance, and adjust- 
ment of the curriculum to meet the de- 
mands of science and industry. These 













SHOULD feel hesitant about advis- 

ing a group of modern educators and 

students on the subject of education. 
Two years ago I attended a meeting of 
the Society for the Promotion of Engi- 
neering Education and heard a speaker 
liscuss Engineering Education of the 
Past. He divided his subject into two 
periods: the previous twenty-five years, 
and prior to that—to the dawn of time. 
I realize my deficiencies when I con- 













sider that my connection with formal 
engineering education ceased in the 
antediluvean era. 

Nevertheless here are some sugges- 





tions as to the kind of graduate I should 
to get from a school to start train- 
ing along specific lines for a control 
igineer, 

I would point out that this man is not 
a designer of instruments, but 
rather one to apply them to processes. 
bster’s Unabridged Dictionary lists 
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adjustments should include both the es- 
tablishment of separate courses to meet 
the demands as they become apparent, 
and the more thorough instrumentation 
of the curriculum as a whole, in lecture 
room as well as laboratory, beginning 
in the first year. Only by pursuing both 
of these methods, can the requirements 
of the small plant for a man of broad 
training in science and instrumentology 
and those of the large companies with 
completely staffed laboratories, be met. 

Much work is ahead of us which has 
to be done before instrumentology can 
be adequately handled by the university 
instead of having to be garnered piece- 
meal from scattered sources, most of 
which are descriptive treatments of ap- 
plied arts and wholly lacking in formal 
analytical presentations which are nec- 
essary to assimilation into the curricu- 
lum. There can always be some hope of 
absorbing analytical instrumentology 
but curricula are too crowded to in- 
clude much descriptive matter. To be 
sure the young graduate has to under- 
tand the language currently used in in- 
dustry, but this language has to be ex- 
plained to him in classroom language of 
the basic sciences, in order that he 
may be able to continue to use his early 
training and also be able to codrdinate 
and identify the principles common to 
different fields. It would be fine if the 
first principles of damped periodic mo- 
tion and forced vibration could be 
taught once for students in different 
courses so that, for example, “negative 
feed-back” and “cathode follower” in 
electronics could be identified with “au- 
tomatic control” and “self-regulation” 





56 varieties of engineers starting with 
Administrative and ending with Water 
Supply. Special developments during 
the war alone could probably double 
that number; news articles have re- 
cently referred to the “atomic engi- 
neer.” Too often the use of an adjec- 
tive in connection with the word engi- 
neer represents one whose range is lim- 
ited to a narrow field. I would not pro- 
pose the term control engineer to repre- 
sent one who knows little outside of the 
specification and adjustment of control 
instruments. That would be an instru- 
ment man, 

Since, for the present, much of the 
solution of control problems comes by 
way of art or intuition, it is probable 
that, more than the average graduate 
in other branches of engineering, he 
who follows the field of control equip- 
ment must needs be born under some 
peculiar set of stars which direct in- 
clinations. Hence, a screening or apti- 
tude test for the selection of embry- 
onic control engineers would be of help 
to the individual and to industry at 








in pyrometry or control engineering— 
and “resonance” would always be recog- 
nized wherever found. 

Let us hope that the Instrument So- 
ciety of America will be successful in 
its endeavors to bring men together 
from many different fields of science 
and engineering, codrdinate the funda- 
mentals of instrumentology, and help 
fit them into the university’s crowded 
courses by encouraging the writing of 
analytical texts which are suitable aids 
for the instrumentation of the curricu- 
lum. 

Since I prepared these brief notes, 
Mechanical Engineering for October 
has come to hand, in which Professor 
Theodore von Karman writes under the 
title, “Atomic Engineering.” I am urged 
to quote as follows: “. . . do we give 
today to the future engineer enough 
fundamental knowledge? . . . Is there 
something wrong in our engineering 
education? I am afraid there is... We 
try to train engineers so that the em- 
ployer can use them almost immedi- 
ately after graduation from school .. . 
We are reluctant to present the funda- 
mentals of physics and chemistry as a 
living science full of question marks 
and changing concepts.” He writes of 
the error of training the type of prac- 
tical engineer who “perpetuates the er- 
rors of his predecessors” and finally 
concludes: “I am convinced that the 


knowledge of the deepest origins and 
also the limitations of the principles 
does not handicap a person in their 
practical application; as a matter of 
fact, real knowledge makes the applica- 
tion easier and safer.” 






Education in Instrumentation for 
the Process Industries 


By DONALD J. BERGMAN, Engineering & Development Dep’t, Universal Oil Products Co., Chicago, IIL 


large. However, such preselection 
smacks of regimentation — and schools 
and industry must be prepared to weed 
out the poor and advance the good in 
this field as in others. 

A large number of the varieties of 
engineering credited with specific names 
have control problems, requiring as 
many types of control engineers. Con- 
sequently, a closely specialized train- 
ing in any one branch should be avoided. 
On the other hand, the fundamentals of 
engineering and mathematics are no 
different from those required for a good 
electrical, mechanical or chemical en- 
gineer. These fundamentals change lit- 
tle with time. My high-school freshman 
son informs me that my algebra home- 
work compares favorably with that of 
his fellow-students. 

As with any other branch of engi- 
neering, the time available in school is 
so short, and the chance so small that 
a student follows exactly the line of 
work he selected in school, that it ap- 
pears most feasible to cover only funda- 
mentals of control during undergradu- 
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ate days, and provide additional mathe- 
matics, physics and electronics for an 
advanced degree. 

Certainly there should be no differ- 
entiation in the first two years of col- 
lege. Beyond that point in the Junior 
and Senior years some of the “musts” 
for a control engineer come to the fore. 
These would be— 


1. Mathematics through differential 
equations. 


2. Organic and Physical Chemistry, 
Stoichiometry, and Thermodynamics. 

38. Chemical Engineering, covering 
unit processes of heat transfer, heat 
balances, distillation, drying, fluid flow, 
etc. 


4. Higher electrical physics and elec- 
trical engineering theory and labora- 
tory work. 

In connection with the subject of 
mathematics for the engineer in gen- 
eral, stress should be laid upon the ap- 
plications in engineering. Experience 
indicates that pure mathematics is 
largely distasteful to the type of mind 
attracted to engineering. Problems 
which are met in industry are never 
stated in mathematical form, but must 
always be translated to that form from 
physical statements or facts. Practice 
in making such translation from high- 
school algebra onwards is of utmost 
value to the student, who is aided in 
remembering the mathematics by the 
association with the physical problem 
through which it was presented. 

Probably not over 10 percent of grad- 
uate engineers out of school five years 
can solve a simple problem in maxima 
or minima by calculus without refer- 
ring to a text. Since control engineers 
are more likely to use their mathe- 
matical training in actual work, they 
should belong in this 10 percent group. 

Because of the tremendous advance of 
chemical processes in present-day in- 
dustry, the control engineer in order to 
prescribe proper treatment must be able 
to follow process variations, know the 
effect of pressure and temperature on 
reactions, and know the chemical and 
physical properties of substances or be 


able to predict them from correlating 
data. Accordingly, a wide range of 
chemistry and chemical engineering 
knowledge is required. 

Many control problems have direct 
analogs in electric circuits and the 
mathematics of control engineering is 
very similar to that of alternating-cur- 
rent electricity. Hence, the electrical 
engineer’s training in theory and lab- 
oratory work is essential. Tremendous 
advances in control systems through 
electronic circuits necessitate thorough 
grounding in this phase of electricity. 

Probably in the last year there should 


be a course familiarizing the student 


with the theory and application of con- 
trol instruments to process control, us- 
ing as a text such a book as Smith’s 
Elements of Control Engineering and 
involving enough laboratory work to 
bring out the physical meaning of 
throttling range, reset, lags, self-regu- 
lation and other terms common in the 
control engineer’s vocabulary. If, in 
this course, the student can be taught 
that the term “level control” is a mis- 
nomer in the majority of cases and 
that the required operation is usually 
“flow control adjusted in accordance 
with level,” he will be the gainer by 
several years. Surely he will have to 
learn this and other seeming paradoxes 
at some time in his career. 

Criticism is frequently leveled at engi- 
neers because of lack of ability in self- 
expression. Correction calls for courses 
in public speaking and English. Some 
acquaintance with metallurgy and eco- 
nomics would certainly be of value. 

Arrangements for attendance at one 
or more of the schools for instrument 
men maintained at the headquarters of 
several of the major instrument manu- 
facturers will provide the student with 
a thorough familiarity with modern 
control instruments better than any 
possible laboratory work at school. 
Such a course might be taken following 
either the Junior or Senior years. 

Only a few are fitted by basic incli- 
nation to qualify for this particular 
branch of engineering. Further, ° the 
number of openings in industry is small 


compared to the chemical, elec 
mechanical groups. Hence, 
guidance through faculty ad, 
comes of top-ranking importa 
A few inherent qualificati: 
point toward the making of a 
ful career as control engineer ; 


1. Manual dexterity as evide 
neatness, speed and accuracy 
dling laboratory or shop equipm 

2. Facility in use of mathema 
indicated by grades received 
various courses in applied mathe) 
such as strength of materials, t 
dynamics, and chemical and ek 
engineering. 

3. Curiosity shown by individu 
itiative in researches or studies i: 
nection with hobbies or other no: 
ricular activities. This is the kind of 
curiosity, which, coupled with ke« 
servation to note a slightly unusual 
unexpected result, has resulted ir 
discoveries as x-rays, radar and a | 
of others. 


Perhaps it will be noted that in thj 
outline of the education of a contr 
engineer there is nothing that 
not be of advantage to any top-notch 
“engineer.” The small amount of spe- 
cific control theory would definitely b. 
of advantage to practically all chemical 
engineers, who should know enough of 
the principles of control to appreciat 
the effect of such equipment upon a 
process, and the requirements for satis 
factory process control. 


It is probable also that a five-yea: 
course is necessary in order to cover 
the work outlined. In this case, perhaps 
some graduate work leading to an ad- 
vanced degree might be possible under 
one of the presently - recognized 
branches of engineering as a major 
Along with such graduate work might 
come researches on problems supplied 
by instrument or control equipment 
manufacturers, and by industrial users 
of such equipment. Particular problems 
open to the graduate student would be 
the adaptation and development of new 
scientific tools for measurement and 
control of process work. 


Undergraduate Preparation for the Field of 
Instrumentation 


By J. C. MOUZON, Senior Physicist, Brown Instrument Co., Philadelphia, Pa. 


when exaggerated reads: “We have purchased a de- 
your atomic-powered multi-point 
recording electronic What Meter. Our office is located 20 
miles from our plant. We now wish to record in our office 
on this one recorder the following: liquid level, liquid flow 
gas pressure, gas flow, temperature and humidity. We wish 
to transmit the signals from the plant to the office by radio 
Any suggestions that you may have which will assist us 
in carrying out the details of our plan will be sincerely 


A N instrument company may receive a letter which 


luxe model of 
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of this paper see pages 824-83¢ 


profitable.) 
Measurement 


and control in 
indeed becoming more and more complex. The attem! 
this Conference to unravel some of the problems in' 


appreciated.” Such letters may be considered to repr 
progressive thought or just plain day-dreaming. Nev« 
less, they must be taken seriously because they rept 
the sort of thing that is actually being done and be 
they indicate the trend of thinking. (A little more thi! 
before purchasing the multi-point recorder would have 


industrial process¢ 


in the training of students is good evidence that « 


And 
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faculties are not entirely made up of dreamers. 
It is of interest to note that 26 years ago three 
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were presented at the American Institute of Metallurgical 
Engincers on the teaching of pyrometry, calling attention 
to the eed for metallurgical engineers with a sound back- 
syound in the problems of temperature measurements. So 
we see that it is not novel for educators and industrialists 
to get together to discuss common problems. 

It certainly is in order for engineering schools to con- 
der alterations in their curricula which will take account 
of the increasing demands on the engineer in the field of 
nstrumentation. The first progressive step has already been 
made in recognizing that a problem exists. The next steps 
should be in the direction of analyzing the problem care- 
fully. < 

Let us consider a few points in this connection. Is it 
special book knowledge that we are missing, or is it a mode 
of thinking and analysis that we are failing to teach our 
students, or is it a combination? 

The hurricane of 1938 on the East Coast cut off the 
power to many communities. In one home, the lady of the 
iouse found her maid vainly trying to use the electric 
stove. The maid was told that the power lines had been 
broken by the storm and that there was no electricity. Soon 
thereafter the maid plugged in the toaster—and again her 
mistress told her that there was no electricity. Then the 
maid was seen going from one base plug to the next at- 
tempting to get the vacuum cleaner to work. Her exasper- 
ated mistress said: “I told you the power was shut off— 
there is no electricity. Why do you keep plugging in the 
vacuum cleaner all over the house?” The maid replied: “I 
think there might be a little electricity left in one of these 


” 






























plugs. 

In 1929 I was in charge of a laboratory course in optics. 
\ graduate student who had majored in physics in one of 
ur leading Eastern universities came to me and complained 
that his mereury are was no good. I asked if he had it 
wired up correctly. He confidently replied that he had. On 
examining his layout I found the two terminals on the arc 
connected through a rheostat to the two terminals of an 
ammeter with nothing else in the circuit. Of course, the 
ire was no good, not to him. 

Instrument sense was something neither the maid nor the 
graduate student had, but the maid was thinking. 

Before adding new material to our course of study, let 
us examine our existing courses and the way in which we 
present them. If the method of presenting the existing ma- 
terial ean be improved, the problem at hand may well be 
more than half solved. Then, if necessary, a minimum of 
new material may be added. There is not sufficient time 
to discuss this question at length so we can be specific only 
m one or two points. Consider the laboratory work. A good 
‘action of an engineer’s time in college is spent in the 
aboratory. The tendency of the average student is to get 
the minimum amount of data in the minimum time without 
h thought about what he is doing. The tendency of too 
y professors is to have the experiments so set up as 
to permit the average student to collect his minimum 
amount of data quickly. For years, thoughtful men have 
persisted in insisting that the “why” for everything be 
examined. It is just as important for a graduate engineer 

now “why” as it is for him to know how to do a speci- 



























SPEAKERS FROM SIX COMPANIES IN THE INSTRUMENT-MAKING INDUSTRY 


PARACHINI MOUZON 





fied thing. Too frequently we find men manufacturing 
things who say about a method or process, “Well, it works, 
so what’s the difference?” We do not spend enough time 
teaching students what the difference is. If we did, we 
might not be so concerned about this problem we are now 
discussing. 

What is there in the life of a student that makes him 
invariably slight mechanics if he is to be an electrical 
engineer? Why is it he thinks of himself as a specialist in 
his freshman year? His attitude is that he is going to be 
a practical electrical engineer so he need not be concerned 
with fundamental laws and definitions—that’s theoretical. 
He goes through college and learns a variety of manipula- 
tions. He graduates and goes into industry. He finds him- 
self lost for a while until he “gets his feet on the ground.” 
He is frequently said to be too full of theories. Actually, he 
is too full of practice in doing special problems. He should 
have started with his feet on the ground as a freshman. 

The competitive spirit among the various types of en- 
gineers need not be carried to the point of placing over- 
emphasis on specialization. An attempt should be made to 
emphasize the fact that the successful engineer will be the 
one who can solve new problems—not just the problems he 
has been taught to solve in college. The tendency of so 
many people to turn our colleges into trade schools has 
grown at an alarming rate. This trend is one reason why 
a large percentage of college graduates have to learn to 
think after graduation. Too often the poor fellow cannot 
get over the fact that he is an expert and consequently 
thinks he should not have to do anything he was not speci- 
fically trained to do. Not only that, but he can’t do any- 
thing else. 

All of this is to the point as regards instrumentation in 
industry. At some time or other engineers will certainly 
be confronted with new instrumentation problems. An im- 
provement in an old process or the setting up of a new 
process is surely going to involve some type of instrumenta- 
tion. An intelligent approach to the problem requires first 
a determination of the variable which, when measured, will 
be correlated with the ultimate quality 6f the product. A 
little common sense usually will go a long way. So let us 
first make sure that our students are learning to use their 
heads as well as their slide rules and drawing instruments. 
Remember the average student in planning courses—and 
you will give the good student a break at the same time. 
(Of course, the good student will learn in spite of his pro- 
fessor.) 

Now let us try to be a little more specific. As an example, 
take an electrical engineer who, let us say, will later want 
to study electronics. Teach him the fundamentals of elec- 
tricity, not just E=JR, and not just the mathematical 
manipulation of complex numbers. When he studies an 
elementary indicating instrument in the laboratory see to it 
that he learns what it is—not just what the nameplate says 
it is. Don’t make it necessary for his professor in elec- 
tronics to have to teach electrical measurement all over 
again. We have all the facilities at hand to enable the stu- 
dent to acquire instrument sense, so why not use them? 

My good friend, Dr. R. M. Sutton of Haverford College, 


Conti ued on page 852 
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HE widespread use of precision 
instruments and of automatic- 
control devices and _ systems 

throughout industry and research today 
is almost incomprehensible. Further- 
more, in our business and social lives 
we notice the gradual appearance of 
similar devices which not only expedite 
the work we do but which also increase 
our pleasure and well-being. The lay- 
man and the scientist find speculation 
upon future control applications fruit- 
ful because situations in everyday life 
can hardly be named where automatic 
control cannot be used effectively. 

An educational problem calling for 
fertile creativeness and inventive think- 
ing arises from this activity. Men de- 
mand to know what automatic control 
is, where it comes from and how to 
apply it to advantage. Likewise, man’s 
accelerated interest in the art of au- 
tomatic control, resulting directly from 
the war, causes him to seek quantita- 
tive information pertinent to the de- 
sign and construction of automatic- 
control systems and instruments as a 
profession. An educational program 
which meets these collective needs of 
the control designer and the user in 
a manner that correlates basic engi- 
neering fundamentals has been given 
at M.I.T. under the direction of Pro- 
fessors H. L. Hazen and G. S. Brown. 
One or two other schools have offered 
similar programs, but the question 
must be answered, “Should more train- 
ing of this type be inaugurated in our 
engineering schools and universities?” 
Care must be exercised when selecting 
the foundations upon which this edu- 
cational phase of automatic-control en- 
gineering is to be built because we are 
attempting to establish pedagogical 
practices during a pioneering era in 
the science. However, a sound approach 
to this educational problem may sat- 
isfy the immediate need of training 
measuring-instrument and automatic- 
control personnel, and also influence 
future trends in engineering educa- 
tion. 

An understanding of the gradual 
rise of the art of measurement and 
control explains the introduction and 
use of so many different types of equip- 
ment and apparatus for accomplish- 
ing particular automatic-control func- 
tions. New ideas and new types of 
equipment which became useful in the 
general engineering arts were rapidly 
adapted and incorporated into the au- 
tomatic-control art. Resulting directly 
from this practice, we find that the 
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Servomechanisms Courses— Their Pedagogic V. | 


By DONALD P. CAMPBELL, Instructor, Electrical Eng’g Dept., Massachusetts Institute of Technology, Cambrid: 


equipment used today in the field of 
automatic-control consists of a hetero- 
geneous conglomeration of mechanical, 
electrical, hydraulic, pneumatic, elec- 
tronic, optical, pyrometric, and other 
types of elements and components. Al- 
though such diverse use of apparatus 
lends flexibility and general interest to 
the science, it confuses educational 
problems because engineers cannot be 
trained specifically to enter any one 
field of control when they graduate 
from technical schools. However, the 
possibility of using these varied ele- 
ments as a means of cross-fertilizing 
the basic subjects of an engineering 
program is significant. 

The educational problem associated 
with the measurement and automatic- 
control field is much broader than first 
glance will show, for one must con- 
sider what the objectives of the train- 
ing are to be. Topnotch designers and 
theorists are needed; general engineer- 
ing practitioners must be trained; and, 
finally, quasi-scientifically trained sale; 
and maintenance personnel to mediate 
between the using public and the manu- 
facturer or the theorist are needed. 
Obviously, no single university course 
can meet all of these needs because 
the scope of the training needed is too 
broad. However, the same training pro- 
gram in fundamentals used for process 
control groups can adequately meet the 
needs of naval fire-control and gunnery 
personnel, industrial-machine control 
personnel, aeronautical control person- 
nel, and others who are concerned with 
vital and active engineering problems 
in automatic control. To do even this 
necessitates evaluating the education 
problem in terms of the fundamental 
similarities which exist among the. di- 
verse applications and upon these de- 
velop a non-specialized method of in- 
struction within a specialization. 

This plan is in direct agreement 
with the general philosophy of univer- 
sity education where the young engi- 
neer is taught fundamentals first and 
engineering practice is deferred until 
he enters professionally into industry. 
However, a modification of this basic 
philosophy for accomplishing its end- 
point is necessary because a thorough 
grounding in the fundamentals no 
longer constitutes sufficient graduate 
training or even undergraduate train- 
ing. The student must be sent out into 
the world with confidence and a good 
common-sense ability for using the 
fundamentals to advantage. 

The task is easier to cite than to ac- 
complish, for the chaos existing in the 
average student’s mind resulting from 
the unrelated manner in which funda- 
mental theory courses are presented 









must be eliminated before n 


instruction ceases. While labo ator. 
courses are in general intended 
purpose, they alone cannot prod 
desired over-all result. There seems t, 
be need for a formal carefully- per. 
vised course in the regular or tho elee. 
tive curriculum to provide the » ‘edeq 
integration of fundamental theory. Th, 
responsibility of aiding the stud ir 
the manner described cannot be rele. 
gated entirely to the university. lidus. 
try often erroneously concludes 
the student should be filled with spe- 
cialized information upon lea 
school, specifically able to immediate]; 
perform at a profit for the compan 
he enters. A revision is needed here i; 
favor of the student for he is now 
merely a mouthpiece or an automat 
element in himself and, rather than be- 
coming a progressive thinker, is 
often thwarted and falls by the way- 
side. Recognizing the obligations placed 
upon both the university and industry, 
let us now consider how a program 
for training automatic-control engi 
neers can be accomplished. 

The science of automatic-contr 
based upon continuously controlling th 
behavior of a prescribed time-varying 
magnitude in accordance with 
other predetermined variable which 


1 


also may be time-varying. The object of 


performing the control is _to mak 
available a device which is capabl 
reasonably replacing a human opera- 
tor ordinarily required to perform the 
task. Sometimes human physical |im- 
itations necessitate the use of auto- 
matic control; sometimes economic 
reasons dictate the policy, and ofter 
the complexity of the control to be ac- 
complished exceeds the mental com- 
prehension of a human. The type of 
apparatus chosen for automatic-cont 
systems usually operates upon thé 
fundamental principle of comparing 
the controlled performance of the time- 
varying magnitude with the desired 
magnitude in such a manner that the 
error or deviation which exists be- 
tween the two actuates the controlling 
mechanism, The keynote of the entire 
science springs from this concept: au- 
tomatic-control systems are inherently 
closed-loop dynamical systems. 
Permit me to reiterate. The sci: 
of automatic-control must be founded 
entirely upon the concept of study ng 
the dynamical behavior of physical «!e- 
ments, physical systems, and comb na 
tions of physical systems, elem 
and humans. The starting-point 
effective educational planning lies 
but it must be carefully unders 00¢ 
that the dynamicS of which I spea: !s 
not pseudo-dynamics sometimes f 
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th clementary course of mechanics 
ysical sciences, but an all-in- 
dynamics aptly described by 
.ac Newton who once said, 
“The. is only one science of mechanics 
iy, mies—and all studies of statics 
* »ecial cases.” Dynamics alone 
serve as the foundation for 
» the educational program. En- 
live now in a world where 
pract ‘al, down-to-earth engineering 
tran. ition of the physical theories 
must »e accomplished by quantitative 
and -ot qualitative representation. 
Ther ore, let us turn to the quantita- 
tive cngineering approach and observe 
what it injects into the problem of 
engincering education. 
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The knowledge of how a _ process- 
contro! system operates in detail or 
how one performs some _ specialized 
function is not enough. The exact 





measure of how well the control per- 
forms must be known before the art is 
quantitative. Again let us refer into 
past to the statement of a great 
scientist for substantiation, Lord Kel- 
vin onee remarked, “When you can 
measure What you are speaking about 
and express it in numbers, you know 
something about it; but when you 
cannot measure it, when you cannot 
express it in numbers, your knowledge 
is of a meagre and unsatisfactory kind 
., .’ An examination of the existing 
practices will show us the value of this 
approach. For example, the design of 
a control system entails a detailed 
knowledge of the gallons of fluid per 
second flowing through valves, the 
amount of mechanical motion of con- 
trol valves, the instantaneous accelera- 
tion of motors under the influence of 
torques, the duration of oscillations ex- 
cited in the closed-loop, the instanta- 
neous power required to produce the 
required controlling action and the 
like. In every instance numerical values 
are necessary. 

The prerequisite training elements 
which are essential if we are to pro- 
duce men steeped in the philosophy of 
quantitative dynamical engineering are 
few but they are basic. First, the stu- 
dent should have a sound understand- 
ing of dynamics; Second, he should 
have a broad knowledge of mathematics 
specifically destined to be used as a 
tool of engineering application; Third, 
he should have a well-rounded under- 
standing of the general engineering 
sciences ineluding a knowledge of ma- 
chinery, electricity, electronics, circuit 
theory, hydraulics, ete., from which 
useful information can be drawn as 
needed. Furthermore, a correlated un- 
derstanding should exist between the 
theoretical training and the labora- 
tory studies which parallel the theory. 
Although the burden placed upon the 
Stucent is severe, here at last seems 
to be an engineering subject ideally 
ited for bringing the loose ends of 

many components making up an 
engineer’s background into one well- 
grated whole. 
\ssuming that the 
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student who 


wishes to enter automatic-control en- 
gineering has the necessary prereq- 
uisites, it now becomes necessary to 
prepare a complimentary program con- 
sisting of theory and laboratory courses 
to meet the established objectives. 
Theoretical study must be supported by 
confirmation in the laboratory of the 
principles expounded, A _ portion of 
the classroom work should be devoted 
to integrating the laboratory measure- 
ment problem with the theory. Also an 
effort should be made to refrain from 
the “easy-dose” coddling of the student 
in both the theory and the laboratory 
work. The student will resent being 
compelled to think for himself, but 
when these aims have been accom- 
plished he will emerge not only a 
trained automatic-control engineer but 
a good sound-thinking student aggres- 
sively trained to follow an engineering 
career in any field. 

Although many engineering courses 
can accomplish the general aims, which 
I have outlined, I should now like to 
describe to you in particular the pro- 
gram in Servomechanisms Theory of- 
fered at M.I.T. which I feel yields 
many special pedagogic values basic 
in the training of engineers and scien- 
tists, whatever particular profession 
they choose. The graduate courses in 
the Theory of Servomechanisms of 
which I speak comprise: (1) a course 
where the fundamentals of operation of 
closed-loop control systems are pre- 
sented; (2) a later course dealing 
with the problem. of servomechanism 
design and synthesis; (3) laboratory 
courses given in conjunction with the 
advanced theory course for the pur- 
pose of providing a quantitative ap- 
proach to measurement and design and 
an appreciation of the fact that the 
system is a collection of instruments. 
The underlying philosophy of the grad- 
uate program is in essence that which 
has already been outlined; namely, a 
quantitative presentation of the theory 
of analysis ‘and synthesis of closed- 
loop automatic-control systems from a 
dynamical point of view supported by 
laboratory confirmation. 

To be certain that the conclusions 
derived from the coming discussions 
are valid, let us consider the status of 
the students entering these graduate 
servomechanisms courses, before pro- 
ceeding with a description of the pro- 
gram itself. The students are typical 
engineering graduates of high caliber, 
standing perhaps in the top one-fifth 
of their class; they are electrical en- 
gineers, mechanical engineers, aero- 
nautical engineers, etc. Although there 
are always certain exceptions, the 
group exhibits year after year the 
same weaknesses; namely, a vagueness 
in their fundamental understanding of 
dynamics; a lack of confidence when 
writing differential equations to repre- 
sent physical systems; a lack of effec- 
tiveness in the use of the mathematics 
which they have learned. They have 
not integrated to any substantial de- 
gree the knowledge gained as an un- 


dergraduate such that they are ca- 
pable of using information gained in 
one phase of their training to expe- 
dite work in another. 

Deficiencies existing in the student’s 
background must be offset in the first 
theory course if he is to be capable 
of appreciating the general overall 
problem of automatic-control to such 
an extent that he can enter success- 
fully into the problem of design and 
synthesis in the advanced courses, The 
major part of our effort during the 
first semester is, therefore, directed 
toward creating in the student a feel- 
ing of genuine confidence in analyzing 
the behavior of control systems. This 
work divides into two sections: the 
first concerned with the establishment 
of the proper tools and techniques for 
performing analysis; the second, with 
the use of these tools and techniques 
on the fundamental control systems 
which constitute the backbone of the 
control engineer’s working philosophy. 
Considerable attention is given to the 
problem of determining the transient 
response characteristics of closed-loop 
automatic-control systems to arbitrary 
external disturbances. The student is 
required to write the differential equa- 
tion which expresses the behavior of 
various control systems. He is required 
to solve these equations and he is ex- 
pected to be able to derive from the 
results numerical answers which the 
following typical questions will indi- 
cate: 

How long will the transient persist in 
a particular control system if it is ex- 
cited by a certain external disturbance? 

What is the undamped natural angu- 
lar frequency of oscillation of the con- 
trol system? 

How violent an oscillation can be 
tolerated in the performance of the 
control system in terms of the appli- 
cation? 

Exactly how would you adjust the 
control-system constants to produce 
optimum dynamical performance? 

These questions cannot be answered 
by qualitative study; they require quan- 
titative data. This creates one of the 
many interesting pedagogical problems. 
If the student must be quantitative, he 
must be given an appreciation for the 
general magnitude of the mathematical 
quantities which describe the physical 
constants and variables of the equip- 
ment under study. (The students pop- 
ularly refer to this part of their train- 
ing as “acquiring ball park numbers” 
representative of the machinery and 
the systems with which they are deal- 
ing.) 

Home problems are developed using 
typical figures to represent the physi- 
cal constants of the equipment being 
studied. Classroom derivations are 
terminated with a “reduction to prac- 
tice” attitude whenever possible. Ac- 
tual components and control systems 
found in modern applications are 
brought into the classrooms and their 
operation is demonstrated, their con- 
stants measured, and a direct corre- 
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lation is made of the theory with 
these observations. 

A typical classroom discussion may 
serve to establish the full extent of 
this line of reasoning. For instance, a 
motor rated at one-fourth horse-power 
is exhibited to the group. It runs at 
3600 r.p.m. It is a shunt-field separate- 
ly-excited motor wound for reversible 
operation. A discussion is built upon 
these questions: 

What is a good round number for the 
moment of inertia for the rotor? 

If the armature current is held con- 
stant, what is the stall-torque per am- 
pere of current flowing in the field 
windings? 

What is the ratio of the starting 
torque to the norma! full-load running 
torque? 

If a sudden voltage is applied to the 
field windings of the motor, what is the 
time required for the motor armature 
to reach substantially full speed in one 
direction or the other? 

If the motor is geared to an inertia 
load member to be controlled, what is 
the net inertia of the system referred 
to that shaft where the load exists? 
Incidentally, how is the problem of im- 
pedance matching in the mechanical 
system handled compared to similar 
problems of impedance matching in elec- 
tric circuit theory? 

Never has any student felt that these 
questions are beneath his dignity and, 
as the work extends into the more ad- 
vanced phases, it is gratifying to ob- 
serve students making a rapid estimate 
of the weight of a motor for an aircraft 
application or condemning a blackboard 
discussion because they feel it does not 
contain enough down-to-earth facts. 

The transient analysis approach to 
closed-loop control system analysis 
soon leads to a complicated and labo- 
rious program when we attempt to 
extend this mode of thinking to the 
more and more complicated systems 
which exist. New analytical tools for 
predicting and undertanding the dy- 
namical behavior of the more compli- 
cated systems are found if we turn 
to the frequency-response studies of 
the communications engineering theory. 
Although the information gained is 
quite different from that found in the 
transient approach, there is a con- 
venient readily-understandable corre- 
lation between the behavior of a con- 
trol system excited by sinusoidally 
varying disturbances and one excited 
by certain other test disturbances. The 
method of analysis using sinusoidal 
disturbances depends upon observing 
the relationship between the controlled 
response of the system and the ex- 
citation causing this response in terms 
of a vector ratio. The magnitude of 
this ratio can be plotted as a function 
of the frequency of excitation and the 
phase angle between the vectors can 
be plotted against the same variable. 
Again a new type of thinking is de- 
manded of the student, for one rarely 
finds engineers who will readily accept 
the fact that a mechanical system, a 
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hydraulic system or a pneumatic sys- 
tem can be effectively studied by ap- 
plying sinusoidally-varying disturb- 
ances to it, nor that its representation 
as a locus in the complex plane is 
practicable. Nevertheless, the student 
soon finds a definite correlation be- 
tween the width of the frequency band 
where no pertinent resonance effects 
occur and in general transient be- 
havior of the same system. It becomes 
clear that complicated control systems 
may have several independent modes 
of oscillation, some of which may ex- 
hibit predominant resonance effects 
while others either exhibit slight re- 
sonance tendencies or none at all. 

Again the concept of “ball park 
numbers” is valuable. The student 
learns quickly that a mechanical sys- 
tem consisting of a heavy moving 
member will not oscillate at frequencies 
above a few cycles per second unless 
tremendous forces are applied to the 
body. Furthermore, when a system of 
this nature shows resonance in a man- 
ner not suitably damped, one can be 
almost certain that there will be ulti- 
mate destruction of the equipment. 

The sinusoidal approach to the 
analysis problem leads to another in- 
teresting mode of thinking. The student 
soon begins to reason in terms of the 
transmission of data or information 
around the closed loop and to measure 
and estimate the perfection of the ele- 
ments of the over-all system in terms 
of the amplification and the phase 
shift of the signal as it passes through 
the various components. Terminology 
is borrowed from the electronic and 
communication fields and he speaks of 
the “gain” or the “amplification” and 
the phase response of signals as a func- 
tion of the frequency of the applied dis- 
turbance. When we glean this type of 
understanding among the students, the 
time has arrived for the presentation 
of the more profound tools facilitating 
the general problem of control-system 
synthesis. 

A function theory approach to the 
general problem of representing the be- 
havior of a dynamical system is intro- 
duced. The dynamic behavior of in- 
dividual physical elements of a con- 
trol system can be represented in 
terms of transfer functions and over- 
all systems can then be synthesized by 
properly combining the dynamical re- 
sponse of the separate components 
mathematically, or graphically. Fur- 
thermore, certain components not spe- 
cifically defined can now be formulated 
in a clear and direct manner. Guess- 
work is eliminated and a sound-think- 
ing embryo engineer emerges. 

The theory course reaches its cul- 
mination at this point. The student 
finds that he has developed from a 
level where he was reticent to venture 
a prepared discussion or an analysis 
to a level where he desires to enter 
the laboratory and to build new devices 
along carefully-planned routes of scien- 
tific thinking. 


The Servomechanisms Laboratory 





program commences with t) mpl 
one-afternoon type of experin 
broadens to the project type oi ry 
ment continuing for several " 
Thus a wide variety of exper 
possibilities permits the studen: firs 
to gain a firm understanding 
fundamentals of quantitative n 
ment and later his study can li. 
rected toward more extensive pri ns 

Elementary measurements mac» }) 
the laboratory are concerned wit) thy 
determination of the moment 
ertia of motors and synchro armat» ves 
the elastance of springs, the dan 
forces produced in oil-filled dashpots. 
the torque-shaped curves of prime 
movers (electric and hydraulic), and 
in general the static constants of 
typical control apparatus. Next, the 
student is required to measure the dy- 
namic response for components of 
measuring instruments and of. the 
simplest automatic-control systems 
Often these measurements are pur 
posely made without the use of elab- 
orate measuring equipment because 
our experience has indicated that many 
measurements can be made in a simple 
and direct manner with hardly more 
equipment than can be comfortably 
carried in one’s coat-pocket. 

The advanced phase of laboratory 
work is planned once the student has 
mastered the fundamentals of meas- 
urement. Long-range projects are se- 
lected, preferably by the students, 
which necessitate careful theoretica 
analysis, correlating measurement, 
synthesis, partial or total constructio1 
and test of the completed apparatus 
The scope of this type of work cai 
be illustrated by considering some of 
the projects undertaken by the stu 
dents: Closed-loop speed control sys 
tems for controlling automotive engines 
have been studied by using electrical 
mechanical analog methods; compo- 
nents of automatic pilots for aircraft 
have been tested in an effort to im- 
prove the over-all system performance; 
an automatic tracking telescope has 
been considered; and a wide variety 
less comprehensive problems has bee! 
studied. Frequently, these problems ar 
extended to the scope of graduat 
theses. 

Summarizing briefly, servomec! 
nisms courses seem ideally suited 
providing a correlation of engineering 
theories and ideas. interesting and 
to-date subject-matter is used f) 
almost all the engineering fields 
presenting the theory in a quantitativ: 
manner. The students frequently 
turn from industry to lend support 
our hope that here, at least, is 
place in the educational program w! 
engineering training gets its cross 
fertilization of subjects at a lively «nd 
sparkling tempo. 
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} HEN I came to the Conference 
\ / yesterday I brought with me a 
“prepared paper, but after lis- 
to the discussions which took 
in the meetings yesterday, I de- 
that the material which I had 
n had been presented by others 
in very much better form, and so I 
chanced my plans and am going to tell 
about what we are doing at Ohio State 
on what we believe is a new variation 
of an old idea. This is to arrange a 
curriculum which will produce gradu- 
ates well grounded in fundamental sub- 
‘ects, who will also have some training 
in specialized material. 

The history of this experiment goes 
back about a year. At that time a meet- 
ing of the college faculty was called to 
discuss certain educational problems 
which had been emphasized by war 
conditions. The meeting finally devel- 
oped into a discussion of how successful 
a job was being done by our present 
curricula in training the engineering 
student for the position which he was 
to fill. In general, this discussion 
brought out four basic ideas, all of 
which were more or less diverging from 
each other. These ideas were: 


tenl 

plac 
ie 

cae 


writ 


(1) The curricula as taught at pres- 
ent were satisfactory and that as the 
need arose for change this had been 
met by small changes in specific cur- 
ricula items. 

(2) The curricula were very much 
lacking in training in the fundamentals 
of engineering and science. 

(83) The curricula were very much 
lacking in training in specialized en- 
gineering subjects. 

(4) The curricula were very unsatis- 
factory because of the paucity of so- 
called “humanistic” or “broadening” 
subjects, 


The majority of the faculty agreed 
to one of the last three conclusions and 
it was decided to make a study to de- 
termine what could be done to improve 
the curricula. 

A special committee was set up to 
make this study and this committee 
worked hard and long, and eventually 
presented some plans which were ap- 
proved by the faculty and which have 
gone into effect with the freshman class 
which entered in September. 

In making the study, the engineering 
courses were first subdivided into three 
general classes: (1) the engineers for 
manufacturing industries, that is the 
mechanical, electrical and industrial 
engineering; (2) the engineers for 
chemical industries, chemical, metal- 
urgical and ceramic engineering; and 
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\ College Course for an Instrument Engineer 


By S. R. BEITLER, Professor of Hydraulic Engineering, The Ohio State University, Columbus, O. 


(3) construction industries, civil and 
mine engineers. Each of these groups 
was studied separately, and some con- 
clusions were reached which applied to 
all while some applied to only the in- 
dividual group. There is not time to 
discuss all of the problems encountered 
so that the following story applies in 
general to the problems of the first 
group, and specifically to the mechani- 
cal engineering curriculum. 

The technical material in the cur- 
riculum was considered first. Going back 
to the things which were considered 
wrong, it will be noted that the two 
ideas about the technical material were 
exactly opposite: one that we had too 
little time spent on fundamentals and 
the other that too little time was put 
on specialties. These ideas came not 
only from the faculty but also from the 
employers and some of the graduates. 
A survey of the time available indicated 
that in quarter credit hours there were 
available about 216 hours for academic 
courses which were in addition to 
physical education, military and other 
similar courses. This assumption was 
based on the idea that the average stu- 
dent could put in about 58 hours a 
week on his school work. 

The technical material to be taught 
1 have classified under the following 
headings: 


(1) 

(2) 

(3) 

(4) 

(5) 

The basic fundamentals, mathe- 
matics, physics and chemistry, allowing 
the minimum amount of time which 
was thought to be necessary, would take 
up about 28 percent of this time. The 
engineering fundamentals for a me- 
chanical engineer were thermodynamics 
and fluid flow, electrical engineering 
circuits, physical chemistry, mecha- 
nism, heat transfer, mechanics, mate- 
rials and basic laboratory. The minimum 
necessary time for these was about 28 
percent of the available time, so that 
the fundamentals would require 56 per- 
cent of the time available in a four- 
year course. 

“Language” means the necessary 
methods of expressing himself which 
must be available to any engineer. 
There are two languages which every 
engineer must know thoroughly. These 
are English and drawing. These two 
subjects are just as fundamental to 
any engineering student as are the 
courses in physics and mathematics, 
and what was felt to be a minimum 
amount would take 12 percent of the 
time. 

Elementary engineering courses are 
those which every student needs to 


Basic Fundamentals 
Engineering Fundamentals 
Languages 

Elementary Engineering 
Specialized Engineering 






have to illustrate the methods by which 
the fundamentals which he has been 
studying can be and have been used in 
engineering practice. These consist of 
courses in hydraulic machinery, steam 
power plants, internal-combustion en- 
gines, heating and ventilating, machine 
design, building design and shop prac- 
tice. These courses as proposed would 
take about 19 percent of the available 
time. 

When these were all added together 
it was found that about 87 percent of 
the total time available had been used 
and that there was still no time 
allotted for specialized engineering 
courses which many people thought 
were necessary. Nor had anything been 
done to satisfy that the last point 
raised in the criticism of the engineer- 
ing courses, that is, lack of “humanis- 
tic” courses. The general feeling was 
that a student who would take an en- 
gineering course of this sort might be 
a good engineering machine, but that 
he would be a very poor citizen and 
that education should train for citizen- 
ship as well as for work. Then, if the 
student put in as much time as was 
contemplated in work on the required 
studies, he would have no time for 
recreation or even to read enough to 
keep up with the progress of the world. 

With these facts facing us, two 
choices were available. These were: 


(1) Leave out some of the funda- 
mental material so as to add non-tech- 
nical studies and specialized engineer- 
ing subjects. 


(2) Increase the length of the course 
so as to put in all of the material 
which was considered necessary. 


After considerable discussion it was 
decided not to compromise but to in- 
crease the length of the program to 
five years and at the same time to 
reduce slightly the amount of work 
needed per week so as to give the stu- 
dent a little more leisure time. 

This would give for a five-year pro- 
gram approximately 120 percent as 
much time available as in the four- 
year. This, on the basis of the four- 
year curricula, would enable us to use 
about 20 percent of the time for 
“humanistic” subjects and 14 percent 
was left for advanced engineering sub- 
jects. On the basis of the final five-year 
program then the division of time is 
about as follows: 


1. Basic Fundamentals 23% 


2. Engineering Fundamentals 24% 
3. Languages 10% 
4, Elementary Engineering 16% 
5. Specialized Engineering 10% 
6. “Humanistic” Subjects 17% 


This arrangement seems to satisfy 
most of the criticisms made of engi 
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neering courses. However, it is subject 
to one new criticism, that it increases 
the time required in school for an en- 
gineering student. It was decided, how- 
ever, that this was a good time to try 
this experiment—for two reasons: first, 
there were very few students now in 
school who would be discommoded by 
going through the transition period 
and, second, all indications pointed to a 
large over-supply of students in the 
near future so that, even if some pros- 
pects are frightened away by the in- 
creased time required, there still will be 
enough students to make the results of 
the experiment representative. 

The carrying out of this program 
presented some problems which might 
be interesting and I shall discuss a 
couple of them. The first one was the 
determination of when the humanistic 
work should come. Since the Human- 
istic and Fundamental courses repre- 
sent more than two years’ work, the 
proposal was made that the program of 
the medical and dental professions be 
followed—that is, that a two-year 
course in pre-engineering be set up in 
the College of Arts to be followed by 
the professional courses. The other pro- 
posal was to intersperse these non-tech- 
nical through the five years along with 
the technical subjects. The second 
method was decided upon for two rea- 
sons: 

First, the average student when he 
comes to the university is well sold on 
engineering and it was felt that the 
“esprit de corps” which this introduces 
in the younger students leads to better 
work, and that this would be lost if 
there was no direct connection with the 


engineering college and profession dur- 
ing these two years. 

The second reason was the feeling 
that the humanistic courses would have 
more meaning if the student was more 
mature and better able to understand 
some of the problems discussed. 

The other problem which I might 
mention is that of what degree to give 
the graduate from this course. The 
American student in our present mass 
education scheme looks on a diploma or 
a degree as his direct reward for work 
done, and has been brought up to ex- 
pect that he will receive a high-school 
diploma at the end of twelve years of 
school and a bachelor’s degree at the 
end of four years of college work. On 
our own campus, students in Arts or 
Commerce will receive a bachelor’s de- 
gree at the end of four years of work 
in a program whtch requires a smaller 
number of hours. If the engineering 
student were given only a bachelor’s 
degree at the end of five years we felt 
that we might be, under present con- 
ditions, penalizing the student who took 
this program. This matter was taken 
up with the Graduate School and an 
agreement was reached with them to 
permit any of the students in the en- 
gineering program who could meet the 
scholarship requirements of the Gradu- 
ate School at the end of the third year 
to become candidates for the master’s 
degree. If the special work given in 
the fourth and fifth years is of Gradu- 
ate quality they will be awarded two 
degrees at the end of the fifth year: 
the bachelor’s and the master’s. Those 
who cannot meet these requirements 


will only receive the bachelo) 
and no degrees will be award 
years of work. 

There may be some questi 
by what has been presented 
connection with a course for an 
ment Engineer, but I believe th 
time allotted for Specialized FE) 
ing courses were used for cou 
Instrumentation, this course is 
ideal for this and, since these c 
will be given to students with a 
background and will be taught 
mally to small sections practical 
the Graduate level, a course for i: 
ment engineers could be put in ; 
option in mechanical engineerin 
there is a demand for such a cours 

This program, as worked out, 
not fit other schools whose stu 
have different training. Ohio State 
most midwestern State universitic 
required by law to accept as a stu 
any graduate of a recognized 
school and, as a result, we have to 
in college some of the courses y 
other schools require as entrance ci 
its, so that it may be that a school 
higher entrance requirements might 
require so much time in the colleg 
self, though the total time in s« 
would be the same. 

In closing, may I say that we 
that by the adoption of this prog 
we will turn out better engineers 
both fundamental and some specia 
training and better and more rou. 
citizens and, while we know that t 
experiment has been tried before 
failed, we feel that now is a good tin 
for it to succeed. 


Industrial Instrumentation for Chemical 
Engineering Students 


By C. O. MILLER, Professor of Chemical Engineering, Case School of Applied Science, Cleveland, Ohio 


‘N 1941 the Department of Chemical 
I Engineering at Case School of Ap- 

plied Science sponsored a series of 
lectures on Industrial Instrumentation 
which was received very favorably by 
approximately two hundred persons 
representing more than forty different 
companies in the Cleveland area and 
also including a number of undergrad- 
uates. During the next two years, a 
series of war courses was offered in the 
evening division of the college. In this 
work, we had the very able assistance 
of. W. E. Sachse, Engineer in charge 
of instruments for the Standard Oil 
Company of Ohio. Since that time I 
have offered a senior elective course in 
the college. From the experience gained 
and the mistakes made in these afore- 
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mentioned courses, I should like to give 
a few of my impressions on the teach- 
ing of Instrumentation courses, espe- 
cially those involved in the training of 
Chemical Engineers. 


INSTRUMENT ENGINEERING vs. 
PROCESS CONTROL 


First of all, the Chemical Engineer 
is interested in instruments solely from 
the standpoint of the user. To him in- 
struments are tools which will help him 
toward his primary objective; namely, 
that of producing finished products 
from raw materials. It is, therefore, 
my opinion that instruction in Indus- 
trial Instrumentation should be divided 
into two separate parts, one which can 
be called Instrument Engineering and 
the other Industrial Process Control. 
Instrument Engineering should involve 
the design and fabrication of all parts 
of the system from the measuring ele- 
ment through the amplifying system, 


whether it be mechanical or electri 
to the recording system. It should c 
cern itself with the operating char 
teristics of electronic relays, pi 
valves, proportioning and reset mex 
anisms, control valves, as well as th« 
assembly into the final completed 
strument. 

Process control, on the other ha 
should attempt to answer the follow 
questions: 

(1) What variations in temperatu 
pressure, flow, etc., are permissible 
the given process? 

(2) What measuring elements 
most suitable to measure these \v 
ations? 

(3) Would an electrical, pneum 
or hydraulic control system be pre 
able for the particular system? 

(4) Is proportioning or reset t 
of control necessary? 

(5) Who makes this particular t 
of instrument? 












































understood, however, that both 
ent Engineering and Process 
; should include a study of fun- 
m tals of automatic control, includ- 
analysis of the time lags in- 
l as well as a consideration of 
in on-off control vs. proportioning 
te of proportioning control. How- 
mly the former need concern it- 
ith the mathematics of motion, 
is equations representing the vi- 


brat. on of a damped galvanometer. 


N. -pS OF THE CHEMICAL ENGINEER 


us turn now to the specific job of 
g a chemical engineer in the 


matic controller. The instrument divi- 
sion is called only after a check has 
been made on such common difficulties 
as those mentioned above. Instrument 
companies could help by including with 
the instrument a small booklet on com- 
mon “symptoms and cures” for instru- 
ments, to be used for training plant 
foremen. To summarize then, the pro- 
duction engineer should be able to diag- 
nose instrument trouble, take care of 
minor repairs and know how and where 
one instrument may be replaced by a 
slightly different type of instrument 
which will keep the plant running. He 
should be able to check instrument in- 
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formation can be obtained on installa- 
tion and valve sizing in the larger plant. 

In research, we find that many of the 
instruments suitable for production are 
not applicable to the particular research 
job. For example, not long ago we had 
the job of controlling the temperature 
of an electrically-heated aluminum block 
within 4°C. This was necessary be- 
cause we were studying the kinetics of 
a particular chemical reaction—and it 
is well-known that a chemical reaction 
doubles the speed every 10°C. Of three 
commercial instruments using thermo- 
couples as the measuring elements, only 
one would maintain the desired control. 
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field of Instrumentation. Here we have 





FIG. 2 





iree different types of jobs to consider: 
le production man, the development 


lan, and the research man. In produc- 


we have one object, namely to pro- 
> the largest possible quantity of 
duct having given specifications. 
ss of time or of product due to instru- 


lent failure is one of the production 


1’s chief headaches. Some chemical 
nts require that the shift foreman 
familiar with the instruments in his 
ticular section of the plant, because 
y do not wish to lose time by reason 
uch trivial reasons as a broken ther- 
‘ouple, dead batteries in a potentiom- 
t or a clogged air filter on a pneu- 
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stallations on a new reactor and know 
how to shift from instrumental to man- 
ual control in case of necessity. 

The development man has the job of 
taking a process from the laboratory 
through the pilot plant stage up to the 
full-scale plant. He must decide whether 
the process is to be operated batchwise 
or continuously, and determine optimum 
temperatures and pressures, as well 
as proper mixing speeds and feed rates. 
Here, in the pilot plant and semi- 
works, is the place to experiment with 
instruments as well. Although the vol- 
umes handled, and hence the storage 
lags, are somewhat different from the 
full-scale plant, yet a great deal of in- 

















































FIG. 4. 






In research, it is more often the case 
that no commercial instrument is avail- 
able which will perform the desired 
task. It is up to the research man to 
use parts of instruments and make his 
own recording and controlling system. 
I have several examples to show you 
which I think will be of interest. 

Fig. 1 shows the diagram of a home- 
made apparatus for determining the 
oxygen absorption in lubricating oil. It 
was our problem to measure the rate of 
oxygen absorption as well as the total 
volume of oxygen absorbed at a given 
temperature. The oxygen was circulated 
through the oil by means of a small 
pump consisting of a metal bellows 
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mounted on an eccentric shaft. As the 
oxygen was absorbed in the oil, the 
pressure in the system dropped until 
a mercury contact in the leg of a 
manometer would open a solenoid valve 
and allow more oxygen to enter the 
system. The oxygen was stored in a 
small gasometer whose inverted bell 
was 3 inches in diameter and 3 feet long. 
As the gasometer bell dropped, it pulled 
the recorder pen across a standard po- 
tentiometer recorder chart by means of 
a small chain. Since the chart was only 
one foot wide, an arrangement was 
made whereby a small weight would 
pull the pen-arm back to starting posi- 
tion after it reached one end of the 
chart. This was accomplished by means 
of a piece of spring metal attached to 
the per, which would slip over a small 
stop wired to the chain and fall back 
to the next stop. 


Fig. 2 shows a set-up for measuring 
and recording the rate of drying a fixed 
bed of sand by means of a stream of 
hot air. A small metal pan holding the 
sand was fastened to one pan of a trip 
balance by means of a thin wire through 
the dryer housing. As the sand became 
dry, the balance would tilt and allow 
mercury to flow from the other balance 
pan to an inclined manometer having 
a uniform resistance wire in the in- 
clined arm. The progress of the mer- 
cury was recorded as change of re- 





N talking about educational speci- 
[ fications for professional personnel 

who will be engaged in work in in- 
strument developments, design and 
testing such as is done in government 
laboratories, I want to follow a prac- 
tice which is common in writing per- 
formance specifications under which 
complex and hard-to-make instruments 
are to be procured. The procedure is 
briefly this: First, you write down all 
of the items of performance which 
would characterize the ideal instru- 
ment for the particular job, as you 
envision it. No matter how impractical 
it seems, no matter if it appears to 
employ non-existent materials or a 
Buck Rogers anti-gravity belt, or if it 
appears to require three gears, a pres- 
sure reducer and an electron tube to 
occupy the same space and work in- 
terchangeably ... No matter: you put 
it down—you get it off your chest. This 
document you label “Tentative Speci- 
fications for Gadget 106, Super-Duper 
Model.” Then you present it, with 
many apologies, excuses, disclaimers, 
and hedges, to the suppliers who are to 
be responsible for making whatever 
you'll get. Then, in all probability, the 
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Specifications for the Professional 


By W. A. WILDHACK, National Bureau of Standards, Washington, D. C. 


sistance on a standard recording Wheat- 
stone bridge. 

Fig. 3 shows an ingenious use of a 
pilot valve and pressure gage to meas- 
ure the roughness of a comparatively 
flat surface, each small move of the 
pilot valve stem being indicated or re- 
corded by a change of pressure. 

Numerous are the examples of the 
ingenuity of research men in devising 
automatic devices. Fascinating are their 
descriptions in scientific journals! .. . 
My favorite is the student’s equipment 
for stopping a chemical reaction at a 
specified time—after he had left the lab 
to practice with the football squad. As 
shown in Fig. 4, his apparatus consists 
of one alarm clock, one piece of string 
and one large rat trap. At the set time, 
alarm clock rings, alarm winding stem 
turns, thereby winding string and 
springing rat trap on rubber tubing 
to cut off gas to Bunsen burner. 


THE INSTRUMENT LABORATORY 


In the past, instrument companies 
have maintained laboratories for train- 
ing their service men. Here each man 
was given an instrument which he was 
required to completely dismantle, reas- 
semble and adjust. This is ideal train- 
ing. However, in this case, the man is 
being familiarized with only one make 
of instrument, and is required to work 
at the job eight hours per day. Such a 





suppliers will get a few things off 
their chests, too. Likely, these will con- 
cern bureaucratic visionaries, imprac- 


tical theorists, the present state of 
taxes, the manpower shortage and the 
impossibility of two bodies occupying 
the same space; and how much better 
the plain Super Model of Gadget 106 
is, anyhow, than what the Germans 
had in 1942. But when the amenities 
have been thus observed, they will ad- 
mit the possibilities of a few improve- 
ments. Then the actual specifications 
are written to cover these possibilities 
and a few others as though they were 
an accomplished fact. And usually, 
after a few of the “bugs” are worked 
out of the experimental production, 
most of the compromise specifications 
are adequately met. This is one of the 
inspiring things that makes me a be- 
liever in progress—that men will strain 
their imaginations, cudgel their brains 
and worry out the solution to complex 
and obscure problems, to achieve the 
near impossible. .. . 


But we are not now specifying an 
instrument, Gadget 106. We are here 
this week to discuss the specifications 
for “the man behind the instrument”: 
the instrumentologist, the instrument 
engineer, the Instrumentician, the 
gadgeteer, if you like, Call him what 
you will, this man has a job to do. In 





procedure is not practical i: 
neering school laboratory, fi 
reasons. Furthermore, we ha: { 
it to be extremely difficult to te 


set of laboratory experiment 
strumentation without having 
them degenerate into freshma: 
experiments, such as the con , 
and calibration of a thermocou W 


believe, therefore, that the lect 

demonstration technique is best 

for this course. We plan to hav: 

strument laboratory with semi-; 
nent set-ups for demonstrating \ 
types of control and how each 

fected by process lags. An invent: 
spare parts, perhaps used ones, 
be taken apart and reassembled 
short time. 


FUTURE INSTRUMENT NEEDS 0} 
CHEMICAL INDUSTRY 


Present indications are that futur 


chemical development will be la 


in the field of high-pressure processes 
This means that special instruments 


will be needed. Already there is 
for 
cord small rates of gas flow at 

pressures, that is, rates of the orde 


0.1 ft.2 per minute. However, a bri 


visit at the Army Air Force shov 


an instrument to measure and » 


ed 


e. 


el 


Dayton last week convinced me that 


American instrument designers 
equal to any task given them. 


the broad fields of science and 
nology, he has an inspiring job to 
to cross-fertilize every field with 


are 


Instrumentologist 


tech 


+h, 


crystallized experience of the others 


This is a job for a lifetime. But 
this war-mad, fear-crazed, poor-: 
world, he has an urgent job and 


great responsibility today: to accele 


ate the pace of the new industrial 
olution of automaticity, to bring 
world into the materialistic heaven 


+}, 


rh 
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ba 


abundance and leisure before humanit) 


in its confusion, again attempts m 
suicide. He has an even heavier 
laid upon him, nay, even forced uJ 
him, of which he will not soon be 
lieved in the years just ahead, that 
sharpening the too!s of war. 

Many of you are educators. You 
the suppliers, the fabricators of n 
who fashion your product to our s] 
fications. I want to list some tenta 
specifications for our ideal inst 
mentologist, and present them to 
with apologies, reservations, disc: 
ers, and hedgings; quite confident ‘ 
you will reject them at once, but e 
ly confident that you will labor m 
ily to realize them, nonetheless. 


I have no Federal Specificatior 
quote as a starting point. The Fe 
Government has been long engag* 
the design, development, use, and 
ing of instruments, and now h 
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if nd VAN DER HOEVEN OFFUTT PUMPHREY WHITE YOUNG 
ach a SOME OF THE SPEAKERS FROM MANUFACTURING AND PUBLIC-UTILITY COMPANIES 
ventory of 
nes, could | score of instrument sections in various Such then, are the tentative require- While most will assent to the de- 
bled ir agencies. But, so far as I know, neither ments for the professional instrument sirability of the suggested training, 
the Government as an employer, nor specialist. They are obvious, perhaps to many will feel that it is impossible to 
oe anyo! of the various sections has ever the point of being platitudes, and per- fit so many added courses into a col- 
ies considered what requirements should haps their desirability will be as gen- lege curriculum. At this point, I re 
best be specified for professional per- erally accepted. mind you that the specifications at this 
at future sonnel to be engaged on instrument How can you provide the graduates stage are labeled “tentative.” We may 
e largely work. And when it does, it will merely with all these desirable attributes? It jeave it for the educators to worry 
processes state that “the applicant shall have ™4Y appear that courses in design, over what to chose, what to combine, 
trun ents completed a major course in instru- hydraulics and electronics will have to what to reject, and still leave a little 
2 is need mentation in a recognized college or be given in the same semester at the space and time for the specialized 
> and re university’—thus putting the specifi- peor peng gps — sg soe m training in instruments. Perhaps a fifth 
| = Sex cations back to the educators, pe ts ‘etek . liad tattle year will be found necessary to do jus- 
| + Let me at this point inject a dis- Winieiahie. sisit o6-tee trateten in tte % the course. 
ee me claimer: This is in no sense an official eae physics, within aad acs However, if the need exists—and I 
hn the statement of the Government or any various types of engineering can be 4™ sure it does—for the college trained 
a branch thereof. I am a technical em- adequately inculeated by exposing the specialist in instruments, then it is 
: ployee in one of the sections of one A ; safe to predict that within a decade 


ist 


of the divisions of one of the bureaus 
of one of the departments of one of 
the branches of the United States Gov- 
ernment—and that puts me a long way 
from top policy. 

However, these specifications are not 
to be set arbitrarily by either bureau- 
crats or professors. They are set by the 


student to courses already set up. 
Classical physics, of course; but 
classical training alone is not suffi- 
cient. Many of the newer fields of radia- 
tion, nuclear physics, radioactivity, 
biophysics, medical physics, and as- 
trophysics, all are full of special in- 
struments and phenomena on which 
are based many instruments of wide- 


more than a handful of the progressive 
universities and technological insti- 
tutes will recognize the profession, as 
industry does already, and will grant 
degrees in Instrument Engineering. 
But even then, most of the design, 
uses, and specifications of instruments 
will continue to be done by engineers 


ah i niture of instrumentology itself. spread application. This is not to say and physicists, who now wonder why 
vith th Instrumentology _ requires many that specialized -courses in quantum their training did not include courses 
leas things of its practitioners: mechanics or stellar dynamics are of jin instrumentation. Since a large part 
But ir 1. It requires a specialized knowl- any great utility to an instrument- of the work of every engineer and 
eor-rich edge of the measurement and control ologist; but survey courses emphasiz- physicist has to do with instruments— 
and a phases of all of the several fields of ing the principles and instrumentation their design or use, it is important that 
acceler- engineering. — of the experimental fields of physics they should be better acquainted with 
ial rev 2. It requires a working acquaint- would be extremely helpful in giving a these modern tools. It is not enough 
ing the je 2™ce With the fundamental laws and broad acquaintance with instruments that they are now given some training 
aven of fe Prenomena of every branch of physi- generally. in the instruments peculiar to their 
manity, fy ‘4! science. The added courses for specialized fields. This is good, as far as it goes; 
ge 3. It calls for an intimate knowl- training could best start with a survey certainly there are many electrical in- 
a tal edge of mechanisms, and electrical, hy- course in “Instruments: Principles of struments adequately covered in elec- 
d upor draulic, pneumatic, electronic, thermal Operation and Applications.” In scope, trical engineering, for instance. But 
ye and optical devices and instruments. this course should include all types of instrumentation cannot be broken down 
that of 4. It requires a high level of an- ggcientific and industrial instruments, into chemical instrumentation, elece- 
alytical ability to analyze correctly with adequate explanation and sche- trical instrumentation, mechanical in- 
lie ove Agee: of measurement or control matic diagrams illustrating the opera- strumentation because instrumentation 
fn or te operation ° of instruments, to tion of typical examples. In method, it combines both working principles and 
hia gain physical understanding. should relate each instrument to the the applications from all fields. Instru- 
aba tive ap Beside physical understanding, basic laws of its own operation and ments applied in chemical engineering, 
instru- rf requires an ability to translate the through its qualitative performance to for instance, may be mechanical, elec- 
to vou physical facts : into precise mathe- the laws involved in its various appli- trical, hydraulic, optical or electronic 
mile iny matical expression, and mathematical cations. For the major in instrumen- in their basic design. 
= that ne ‘ enough to gain a solution, a cer- tology or the instrument engineer, such I submit, then, that the adequate 
saul ainty of prediction. a survey course would be merely the training of any engineer will include, 
mioht : Last, but far from least, it de- first sample of his field. Further spe- as a required subject, a course in in- 
mands imagination. Imagination to re- cialized courses in instrument theory, strumentation, wide in scope and fun- 
combine component devices and basic instrument design, automatic control damental in content. This might well 
ons ¢t Principles to evolve a new or better oscillography, electronics, vibration, be the same survey course in “Instru- 
er instrument. Imagination to see the com- etc., are obviously in order to the ex- ments: Theory of Operation and Ap- 
rec) il mon elements in new problems and to tent that they can be administered plications,” as suggested for an intro- 
1 test- Point new applications for existing in- without danger to the health or the ductory course for the instrument spe- 


struments. 


student’s extra-curricular activities. 








cialist. 
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What Kind of Instruction a School Should Give on 


Instrumentation 


By MALCOLM B. HALL, Supervisor of Training, The Foxboro Company, Foxboro, Mass. 


NY suggestion for an educational 
A program below the level indi- 
cated by Dr. Campbell might 
seem to be an anticlimax, but there is 
a definite need for an _ educational 
program at the undergraduate level, 
as implied by the gentleman from the 
Tennessee Eastman Corporation. The 
title of this subject could be mislead- 
ing as it might well apply to either 
the training schools operated by the 
instrument companies or to vocational 
schools. I am primarily interested in 
presenting this subject from the stand- 
point of undergraduate education in en- 
gineering schools. 

The word “instruments” is a much- 
misunderstood word. To the medical 
profession it means scalpels, retractors, 
and specula. To the musician it means 
trombones, saxophones, and _ violins, 
and to the lawyer it means contracts 
and wills. It is unfortunate that there 
isn’t a better word to describe the class 
of equipment which is responsible for 
this Conference. The instruments in 
which my company and contemporaries 
are interested are those mechanical or 
electrical mechanisms capable of de- 
tecting variations in process conditions 
and indicating, recording, or controlling 
these variables. I shall designate these 
as Industrial Instruments, as applied to 
Industrial Processes. 


The tremendous development and 
production of materials for war has 
demonstrated definitely the importance 
of industrial instruments: the high- 
octane gasoline program and the syn- 
thetic rubber program could not have 
progressed to the unbelievable produc- 
tion rates in such a comparatively short 
period of time were it not for the types 
of industrial instruments available for 
these projects. It isn’t surprising that 
the War Production Board placed the 
instrument industries high on the list to 
receive the necessary materials for pro- 
duction; nor is it surprising—when we 
consider the tremendous number of 
workers, skilled and technical, who have 
come in contact with industrial instru- 
ments for the first time—that there is 
an increasing demand for more knowl- 
edge of these instruments. As one who 
has been associated with the instrument 
industry for more than thirty years and 
who has been intimately associated with 
an instrument training program for the 
past eight years, I believe I may ap- 
propriate an expression from the well- 
known commentator Drew Pearson and 
say “I predict” that within ten years 
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the majority of engineering schools will 
include a course in industrial instru- 
mentation in their curricula. 

Practically all of the major instru- 
ment companies have been conducting 
courses in the application and mainte- 
nance of their instruments for the bene- 
fit of their customers. As far as I know, 
all of these courses have been without 
cost to the customer, other than the 
transportation and living expenses of 
the customers’ men sent to these courses. 
Speaking for my own company, since 
1937 we have had over 450 customers’ 
men from over 200 companies in our 
training courses and this does not in- 
clude the work we have done with our 
own sales engineering and service per- 
sonnel. These courses cover 84 hours 
and include lecture and bench work on 
the principles, construction and mainte- 
nance of the various measuring and au- 
tomatic control systems within the scope 
of our product. 

All of the instrument companies pub- 
lish catalogs, engineering data, and 
carefully-prepared instructions on the 
application, installation and mainte- 
nance of their equipment—and yet, ap- 
parently, this material is not adequate. 
There is a definite lack of understand- 
ing of industrial instrument principles 
and mechanisms among those in indus- 
try who are responsible for their ap- 
plication to processes and their per- 
formance results. This can be ration- 
alized to some extent by taking the 
position that it is the responsibility of 
instrument manufacturers to build in- 
struments to meet process conditions 
and that the instrument company engi- 
neers should be able to acquire sufficient 
knowledge of an industrial process to 
recommend the correct instrumenta- 
tion. We can’t have any particular 
quarrel with that point of view because 
that is exactly the basis upon which 
the instrument companies have devel- 
oped and expanded. They have estab- 
lished within their organization a staff 
of industry specialists. We grant that 
competition was the motivating force 
behind this policy but, where instru- 
ment applications were based on sound 
engineering principles, industrial prog- 
ress inevitably followed and I again re- 
fer to the phenomenal development of 
the high-octane fuel and synthetic rub- 
ber programs. 

Industry’s need is for graduate en- 
gineers with a practical knowledge of 
industrial instruments and Instrumen- 
tation. The chemical engineer finds a 
field of activity in practically every in- 
dustry. Mechanical and electrical] en- 
gineers design and operate industrial 
equipment. These men_ should be 


equipped with a knowledge of 
mentation that will make it 

for them to develop new process 
improve present processes for ¢ 
efficiency. Because they are pot 
selectors of industrial. instrument 
should know the basic principles 
various types of instruments; how 
function; where, why and how th« 
applied. They should understand 
theory and practice of instrument cali. 
bration. They should understand the 
angularity effect on calibration ix 
and lever type mechanisms and what js 
meant by force-friction ratio in | 
mechanisms. They should have th 
dustrial instruments with which t 
work and in which to get their hands t 
acquire the feel and understanding of 
the mechanisms; and the laboratory 
experimental work should be set up to 
emphasize the characteristics and lim- 
itations of the instruments. These en- 
gineers should understand the func- 
tional differences between the various 
types of automatic control mechanisms 
and why they must be different to cover 
the broad field of application. These en- 
gineers should be exposed to the math- 
ematics of automatic control and pro- 
cess reactions in order that the ap- 
proach to process control problems can 
be on a quantitative basis. Perhaps this 
latter point should be placed in the field 
of graduate school education. 

It may be interesting for the group 
assembled here to know that a prac- 
tical course in industrial instrumenta- 
tion has been set up within the Depart- 
ment of Chemical Engineering at Wor- 
cester Polytechnic Institute in Worces- 
ter, Massachusetts. At present thé 
course is elective and open to chemical! 
engineering seniors only. They have 
graduated two classes since the course 
was started; with another class in 
progress at present. It has been my 
privilege to work with John M. Petrie, 
Associate Professor in that department. 
Professor Petrie has spent considera)! 
time at our plant, a large part of whicl 
was on actual bench work acquiring 4 
knowledge of mechanisms, their charac- 
teristics, calibration and other fund: 
mental points. The laboratory wor! 
set up to permit the student to v 
with the mechanisms and to obs 
their performance on many type 
processes. 

What Worcester is doing may nc 
the last word in industrial instru: 
education, but it is a start in the 1 
direction and I know that any of 
listeners who may be intereste: 
learning more about the course wi! 
the fullest codperation from Dr. | 
Wilson, head of the Departmer 
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grad ite engineers with a practical 
know dge of industrial instruments. 
With this knowledge the engineer will 
be p pared to improve and develop in- 











N © previous talk Professor Pollard 
le ssed the needs of educational in- 

stitutions for instruments for train- 
ing purposes, and the monetary ob- 
stacles that exist in being able to pro- 
cure them. The availability of these 
items aS surplus equipment may be 
looked upon as a fortunate circumstance 
in connection with the present discus- 
sions on Instrumentation education. 

The problem of disposing of surplus 
property in what might be termed the 
net national interest is a very difficult 
one. Considered in this respect are many 
factors which are undoubtedly apparent. 
Careful consideration must be given to 
all these factors by the government 
agencies responsible for disposal. Any 
actions that are taken have to be able 
to stand public scrutiny and Congres- 
sional inquiry. For this reason, the dis- 
posal of surplus equipment has been 
hedged with many safeguards. 

Developments that are now taking 
place in Washington are cause for opti- 
mism on the part of educational and 
research institutions. The path is not 
entirely clear, and much work remains 
to be done to accomplish the objectives 
outlined by Professor Pollard. With the 
stimulus that can come from this Con- 
ference, a program can be developed 
which will be of mutual benefit to the 
national interest and to educational 
institutions. 

To dispose of surplus equipment, a 
rather complex organization has been 
established. A brief outline of this set- 
up and its functioning may provide a 
better understanding of the means by 
which educational institutions may ac- 
quire surplus instruments. 

The Surplus Property Act of 1944 as 
passed by Congress establishes the 
Surplus Property Administration. With- 
in the broad framework of the Act this 
agency establishes the policies for dis- 
posing of surplus property; directs the 
ing agencies (such as Army, Navy, 
Maritime Commission, ete.) as to the 
Manner in which the surplus equip- 
ment is to be transferred to the dis- 
posal agencies; and directs that certain 
Sseiccted agencies act as disposal agen- 
cics. It is important to note that the 
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dustrial equipment and processes, to 
interpret the instrument manufactur- 
ers’ bulletins and instructions and to 
help his employer to protect a capital 
investment in instruments. If the Gov- 
ernment stock of surplus instruments 
is made available to educational insti- 
tutions, the program can be started im- 
mediately on a comparatively simple 
but sound basis. Instrument companies 






Surplus Property Administration estab- 
lishes the policies—which are expressed 
in the form of Regulations issued as 
warranted—and that the designated dis- 
posal agency is guided by these Regu- 
lations in its disposal operations. 

The Reconstruction Finance Corpora- 
tion has been designated the disposal 
agency for automatic process control 
equipment, sometimes also referred to 
as industrial instruments. Included in 
this grouping are pyrometers, tube-sys- 
tem temperature instruments, differ- 
ential-pressure type flow instruments, 
liquid - level instruments, pressure in- 
struments except gages, combustion 
controls, control valves, and regulators, 
My remarks are limited to measuring 
and control equipment of this type, as 
other classes of instruments are han- 
dled differently. 

When an industrial instrument be- 
comes surplus to the needs of the own- 
ing agency, it is declared available as 
such to the regional office of the R.F.C. 
Unless a regulation exists providing for 
specific disposal treatment, the R.F.C. 
office is to obtain a fair price for the 
particular item from the buyer. 

Undoubtedly you are familiar with 
Regulation No. 2 which grants tax-sup- 
ported institutions and state and local 
governments priority on available sur- 
pluses. If funds are available to pur- 
chase these at a fair price, presumably 
between 40% and 75% of original cost 
depending on condition, it would be 
wise to take advantage of this priority. 

It is understood that a Regulation 
now being prepared will provide that 
surplus items may be disposed of for 
nominal prices in such manner as will 
benefit the national interest. This reg- 
ulation will establish a means for mak- 
ing available to educational and re- 
search institutions surplus items similar 
to the manner in which Regulation No. 
4 deals with surplus aircraft and acces- 
sories. The United States Office of Edu- 
cation is collaborating with the S.P.A. 
concerning this regulation, and may be 
instrumental in its operation. State and 
local educational agencies or boards will 
be called upon to equitably distribute 
available surpluses among the institu- 
tions in their respective areas. It is the 
hope and expectation of the S.P.A. that 





will still continue their training pro- 
grams as the demand continues and 
they will gladly codperate in any addi- 
tional training or educational programs 
which may develop from this confer- 
ence, 

It will continue to be the responsibil- 
ity of the instrument manufacturer to 
build instruments to meet process con- 
ditions. 





Disposition of Surplus Industrial Instruments 


By E. A, CAPELLE, Taylor Instrument Companies (formerly Chief Industrial Instrument Branch, WPB) 





this program can be made effective in 
time to make items available for the 
second semester of this school year. 

To assure continuance of this pro- 
gram-and prompt effectuation, educa- 
tional institutions should make known 
their need and desire for these indus- 
trial instruments, and the beneficial 
manner in which they can be used in 
training programs. 

DESEUSSIGN 

MAJoR BEHAR: In view of the 
urgency of the surplus instrument 
situation which Mr. Capelle has just 
described, it seems that this Conference 
should send a resolution to the Surplus 
Property Administration through the 
Office of Education. Therefore, Mr. 
Chairman, I move that this Conference 
send such a request, to be drafted 
chiefly by Mr. Capelle by virtue of his 
experience in Washington; the signa- 
tures not to include instrument manu- 
facturers but to include educators who 
need instrumentation equipment for in- 
structional purposes. 

[Motion seconded. ] 

CHAIRMAN WILLIAMS: We have be- 
fore us a motion which implies that we 
should appoint a committee to prepare 
a draft, with the assistance of Mr. 
Capelle, and that we should include 
signers primarily representative of 
educational organizations. Is there any 
discussion? 

A MEMBER: I can’t speak for anyone 
but myself as a representative of edu- 
cational institutions, but I would like 
to see that presented to Washington as 
the opinion of the Conference, not edu- 
cators alone, because one of the little 
touchy things involved is that manu- 
facturers in general do not like to have 
their equipment put out on the market 
without cost. If it is the opinion of the 
manufacturers, the users of industrial 
equipment, and the universities, that 
it is of mutual benefit to have this sur- 
plus going to the universities, it would 
be the strongest recommendation, the 
educators being the weakest part. 

MAJOR BEHAR: I didn’t imply action 
by educators independently of this Con- 
ference. The request will come from 
“The I.S.A.-C.1.T. Conference on In- 
strumentation and the University,” 
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representing all 
concerned. 

CHAIRMAN WILLIAMS: As I see it, the 
point is whether the signers should in- 
elude manufacturers. 

Mr. HALL: (Foxboro Co.): I think 
I may speak for the instrument indus- 
try in saying that the industry would 
like to have this equipment made avail- 
able to educational institutions at a 
nominal price or no price at all, because 
the instrument industry is going to be 
called upon to donate equipment to the 
educational institutions otherwise. 

Mr. Sperry (President I.S.A.): I 
don’t think there is any argument on 
the signing. Later on, when the I.S.A. 
meets, we will take up the question of 
amplifying that resolution and not only 
that, but push the thing, because while 
the resolution is always helpful, it 
helps to keep after it and hammer the 
thing home. It would be to everybody’s 
advantage that they be given it, free of 
charge if possible. 

Mr. Pigott (Gulf Research & De- 
velopment Co.): I think perhaps we 
can simplify this situation by amending 
the motion to empower the Chair to 
appoint a committee to draw up a reso- 
lution to suit the ideas expressed. It 
would have to be done today before the 
Conference closes. 

CHAIRMAN WILLIAMS: How does that 
suit the maker of the motion? 

MAJOR BEHAR: That is the sense of 
the original motion. 

A MEMBER: It has to be done quickly, 
because the new rule is to go into effect 
the first of November. 

Mr. CAPELLE: I was down to Wash- 
ington on Monday and Tuesday of this 
week, and the draft of the new regu- 
lation is in the hands of the lawyers. 
If they can get it out it will become 
effective the first of November, but I 
am cautious about making predictions. 

The question of the attitude of the 
instrument industry has been raised. 
Mr. Hall has commented on that and I 
can say, after having conferred with 
the manufacturers, that they are agree- 
able that this surplus equipment be 
granted in a feasible manner to educa- 
tional institutions. It is my suggestion 
that as recipients of this equipment, 
educational institutions express their 
attitude and desire for available instru- 
ments. 

A MEMBER: If I may identify myself 
as a member of the group that is going 
to finally benefit from all this, the 
user, I would like to add my affirmation 
to that expressed by the educational in- 
stitutions and the instrument manufac- 
turers. In the long run the user indus- 
tries are going to be benefited by better 
education. 

CHAIRMAN WILLIAMS: We have a 
motion, and if there is no further dis- 
cussion we can put it to a vote. 

{The motion was carried unanimous- 
ly.] 

CHAIRMAN WILLIAMS: Carried, and 
we have a committee to be appointed. 
I appoint Mr. Capelle as representing 
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occupational groups 


the know-how, Professor Beitler as rep- 
resenting the educators, and Mr. Dar- 
nell of the I.S.A. 

PROFESSOR BEITLER (Ohio State Uni- 
versity): I don’t know how many of 
you are familiar with the differentiation 
between surplus and excess property. 
Under one of the purchasing regula- 
tions of the Army, it is permitted to do- 
nate excess and salvage material to 
tax-supported schools which give pre- 
induction training. The material is 
labeled “excess” and is Army prop- 
erty and is available for a short time 
before it is declared surplus. In prac- 
tice, the Ordnance has been very fair 
in donating material which they own 
and which may be useful for educa- 
tional purposes. However, it is usually 
up to the school to locate this mate- 
rial. This particular program is sched- 
uled to end on November 1. 

A MEMBER: Can you do that through 
the local Ordnance office? 

PROFESSOR BEITLER: Through the 
Pre-Induction Training Branch of the 
local Service Command; they are the 
ones who normally must approve the 
application. The Fifth Service Com- 
mand material is handled directly or 
indirectly through a_ state-appointed 
officer in each state, who approves the 
application. But the work of locating 
it has been done by the institutions and, 
as soon as this new regulation of the 
Surplus Property Board comes out, the 
excess property distribution of it will 
probably be stopped. 

CHAIRMAN WILLIAMS: I might say, 
in amplification of Professor Beitler’s 
remarks, that we have had the same 
experience, although we have not lo- 
cated any of this. We have been defin- 
itely told that if any Ordnance, Signal 
Corps or other equipment, which is now 
excess and which has not been de- 
clared to the Reconstruction Finance 
Corporation, is located and requested, 
it will be given free of charge. There 
are various methods of procedure for 
finding out what and where it is, and 
the only thing I can suggest is that in- 
terested educational institutions prompt 
their alumni at these companies to tip 
them off that such equipment is ex- 
cess and is about to be declared sur- 
plus. 

A MEMBER: Just before I left for 
this conference, we had succeeded in 
locating some 100 sets of B-29 turrets 
with associated computers and con- 
trols, which might tie in very satis- 
factorily with laboratory work on servo- 
mechanisms. We were working with 
the Signal Corps and the Army Air 
Corps to arrange for that equipment 
to be made available on a scrap value, 
so that our company’s Educational 
Fund could purchase it as a gift to the 
schools. 

PROFESSOR BROWN (M.I.T.): Thank 
you for making that remark. I would 
like to mention that M.I.T. has been 
approached by the Sperry Gyroscope 
people, who hope already to have suc- 
ceeded in detaching ten B-32 turrets. 





They asked us if we knew 
tivities similar to ours are } 


ducted because they will gla: mor 
in locating a set of equipment e for 
training programs. 

I can speak as one who has |} con- 
nected intimately with this 1 of 
hardware. It is truly fascinatir », an, 
anyone who looks at it as typ al of 
what might be done to influence ‘uty, 
designs of mechanisms will ae 
think, many interesting hours of :tud 


ahead of him. 

The difference between the G.F an; 
Sperry turrets is that the forme» yw; 
be electrically operated while the ‘atte; 
will be electro-hydraulically operated 
I would like to see the schools hay; 
both, to keep up the competitive spirit 

CHAIRMAN WILLIAMS: As an educz. 
tor, I would be very pleased to se 
some sort of competition among com. 
panies along this line. 

Mr. FAIRCHILD (Tagliabue (o,): 
Mr. Chairman, there are going to be 
tens of thousands of small motors avail- 
able. 

PROFESSOR BROWN: All the aircraft 
turrets use 24-volt d-c. and 400-cycle 
a-c. power sources. The Sperry Com. 
pany warned that any of these drives 
will require about a 100-ampere d-c 
supply which they expect the institv- 
tion to provide. 

A MEMBER: It seems to me that with 
Ernie Capelle here, we might get some 
indication of the magnitude of the in- 
dustrial instrument field as a war de. 
velopment, You people probably are a! 


familiar with the fact that our petro- 
leum production during the war was 
about 1,800,000,000 barrels a day, and 


we got up to about 1,800,000 tons o 


synthetic rubber a year, and in syn- 
thetic gasoline we got up to a rate of 


about 9,000,000,000 gallons a year. The 


instrument industry in many people’s 
minds is rather minor and _insignifi- 


cant, but I believe that Ernie Capell: 


could give us some measure of what 


the instrument companies have grow! 
to. I think it would be interesting t 


know what we are really talking about 
when we discuss the part instruments 


play. 


Mr. CAPELLE: In the first place, it 


was not possible to get satistics 01 


peacetime production as we were set 


up in Washington, but it was the feel 
ing there, based on whatever informa 


tion was available, that the industry, 
speaking now of industrial instruments 


as defined before, expanded about thret 
times during the war years. 


We also tried to get some idea of 


the potential size of surplus industrial 
instruments that may become avail::b/é 
We started by assuming that ever 


strument sold during the years 142, 


1943 and 1944 to government-owned 
plants was potential surplus. Included 
were the process plants, such as C)em! 
cal Warfare Service, Ordnance f2cill 
ties, government-owned synthetic rub- 
ber and high-octane plants, and s° 0 
We figured approximately $40,0( 
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of industrial instruments went 
hose government-owned plants 
those three years. 

Th ' is the maximum potential that 
come available. I for one do not 
that will occur. Those that went 
government-owned high-octane 









nt 
alan will be part of those plants when 
they are purchased by the gasoline 
comp.nies operating them. Synthetic 
rubb-: plants will be held either as 





»ys or purchased by the gaso- 
















“technical paper” 
authorized the following abstract :] 












intensities. 

















neering student for a career in 

Instrumentation whether in the 
role ultimately as user or as designer 
should be substantially the same, cer- 
tainly for a good part of the way. As a 
matter of fact, undergraduate training 
for any mechanical engineer preparing 
to enter the technical side of engineer- 
ing should be the same. 

Primarily the mechanical engineer 
will operate in the broad field of process 
industries—which term I intend to use 
in its fullest sense as dealing with the 
preparation or manufacture of a prod- 
uct. Whether this be steam power plant 
engineering, power by internal com- 
bustion equipment, refrigeration, air 
conditioning, food processing, etc., the 
engineer has to dea] with energy; and 
therein with its liberation, transforma- 
tion and utilization; and above all with 
the control of the processes, either man- 
ly through the aid of supervisory 
instruments, or -automatically by engi- 
neering devices of control. 


Presented at the Conference on Instrumenta- 
ton And The University, Carnegie Institute of 
Technology, Pittsburgh, October 16-18, 1945, 





| eo of the mechanical engi- 



























[EpitoR’s NoTEe—Dr. Marshall’s presentation was not so much a 
as a demonstration of instruments. 


HE traditional tools for detecting and measuring 
6% x-rays have been the photographic film, the fluorescent 

sereen and the ionization chamber operating in con- 
junction with a galvanometer or electrometer. Within the 
last twenty years the ionization chamber has been modern- 
ized by the addition of vacuum-tube amplification, and the 
Geiger counter and the proportional counter have been 
introduced as sensitive detectors at extremely low x-ray 


Recently a new tool has been added: a photomultiplier 
tube measuring the light from a fluorescent screen. The 


line companies holding options on 
them, and the instruments in them will 
follow the same course. It is possible, 
although with the advent of atomic 
energy, not now probable, that they 
will keep some of the Chemical War- 
fare plants making toxic gases as 
stand-by units. 

Where pyrometers are installed on 
heat-treating furnaces they are, at the 
moment, being retained as components 
on those furnaces. In some instances 





He has 


the furnaces and instruments combined 
are being purchased by various private 
companies. 

So it is logical to suppose that the 
eventual surplus will not reach $40,- 
000,000 and that the residual amount 
will be dependent on many decisions yet 
to be made. 

[For report of the jeint committee 
charged with drawing up the Conference 
resolution on surplus instruments, see 
page 754.] 





OCEEDINGS (including Discussions) OF THURSDAY AFTERNOON SESSION, OCT. 18. 
X-rays— Methods of Measurement 


By FITZ-HUGH MARSHALL, Electronics Dep’t, Westinghouse Research Laboratories, East Pittsburgh, Pa. 





photomultiplier tube combines within one envelope an ordi- 
nary photoelectric surface and a nine-stage secondary 


electron-emission amplifier which increases the output by 


rolling mills. 





Accordingly, the general problem of 
Instrumentation is of major fundamen- 
tal importance. No continuous engineer- 
ing process can be operated without 
some form of instrumentation. The sub- 
ject should therefore be ranked as one 
of the basic sciences on which mechan- 
ical education should be built. For the 
mechanical engineer it is on a par with 
thermodynamics, heat transfer, fluid 
mechanics and electro mechanics, by 
way of examples. Instruction in Instru- 
mentation should be given therefore to 
every mechanical engineering under- 
graduate not as a specialty but rather 
as a basic requirement. 

Of course this leads to the question 
as to what is to be done for the man 
seeking a career with a manufacturer, 
either in design and manufacture, or in 
the selection, installation and mainte- 
nance of equipment. The same answer 
is here to be given as to the question of 
what training should be provided for 
any special field. (We are often asked 
similar questions by men wishing to 
make air conditioning or automotive 
engineering their future career, or even 


about a million. This new detector is now being used in 
automatic x-ray exposure timers for medical and industrial 
radiography. It will be used in a new non-mechanical super- 
fast x-ray thickness gage. Since this detector is not only 
extremely sensitive but also has a response time measured 
in microseconds, it is capable of detecting thickness varia- 
tions in sheet steel passing through an x-ray beam at 
speeds greater than can be realized in practice in industrial 


Thus, in x-rays as in other fields, new tools continue to 
appear and to command our attention in scientific education, 








Instrumentation in the Mechanical 
Engineering Curriculum 


By CARL F. KAYAN, Associate Professor of Mechanical Engineering, Columbia University, New York 






latterly jet propulsion.) I believe that 
instruction in the special techniques of 
any engineering field belongs directly 
to industry—that it 4s not only its prov- 
ince but also its obligation, and I dare 
say its preference. The student of 
course must be previously prepared in 
the basic fundamentals and general ap- 
plications of the profession.’ What now 
are the basic technical fundamentals of 
any mechanical engineering curriculum, 
aside from the non-technical and yet 
nevertheless extremely necessary gen- 
eral studies that make the engineer? 


These divide into two groups: (a) 
Basic pre-engineering subjects. (b) 
Basic engineering subjects. 

In the initial group are included 


drafting and descriptive geometry, gen- 
eral chemistry including study of engi- 
neering materials, classical physics of 
mechanics, heat, electricity, light and 
sound, and now modern nuclear physics, 
engineering mechanics of statics and 
dynamics, mathematics including differ- 
ential and integral calculus and some 
differential equations. In the next group 
are, first, subjects of the so-called heat- 
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and-power group—those dealing with 
energy analysis as such, and then those 
of the machine design group. In the 
heat-and-power group we have thermo- 
dynamics and heat transfer, fluid me- 
chanics, electromechanics including 
electronics, along with general applica- 
tions such as power generation, refrig- 
eration, and other processes. In the ma- 
chine design group we have mechanism 
and kinematics, strength of materials, 
shop processes, mechanical design and 
analytical mechanics of machines, in- 
cluding vibrations. Parallel to these 
groups and certainly at least of equal 
importance, we have work in Instru- 
mentation. 

As is obvious to all of us, Instru- 
mentation encompasses working prin- 
ciples associated with all of the differ- 
ent fields mentioned. In fact, the great 
fascination in working in Instrumenta- 
tion is that the study is so broadly gen- 
eral, not only in its foundations but 
likewise in its applications. In such a 
sense it represents general engineering. 

We must now also in addition recog- 
nize for Instrumentation the distinc- 
tion between steady-state processes and 
transient processes; furthermore be- 
tween indicating and recording equip- 
ment on one hand, and automatic control 
equipment on the other hand. For these 
specific reasons, accordingly, studies in 
the fields of thermodynamics and fluid 
dynamics, along with their specific tech- 
nical applications in heat-power proc- 
esses, are so important. Much can be 
learned in the study of allied fields such 
as heat transfer, with its wide applica- 
tion and inspiration in Instrumentation. 
This covers steady-state and transient 
analysis, and the application of general 
electrical analogies. 

How should the subject itself be 
taught? To my mind, Instrumentation 
should be taken up only after a student 
has had a general introductory and 
qualitative course in mechanical engi- 
neering processes, as for example the 
generation of power from fuels. This 
then would be followed by thermody- 
namics, dealing with the quantitative 
aspects. And since instruments are very 
much a part of laboratory procedures, 
the first laboratory course should well 
be one devoted to a study of the general 
forms, applications, and calibrations of 
simple instrument test equipment. This 
then can be the introductory course to 
the general problem, and at the same 
time serve a most useful purpose in me- 
chanical laboratory procedure, since 
later laboratory courses can be devoted 
entirely to a study of applications. (In 
this first laboratory course attention 
will likewise have to be devoted to 
standard procedures of laboratory tech- 
nique: herein test codes, etc. will be met 
for the first time.) 


Following this, and now subsequent 
to the study of engineering sciences such 
as thermodynamics and the general ap- 
plications, the student should take a 
detailed qualitative course critically 
analyzing the principles of operation 
and applications of different varieties 
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of instruments. Here first the simple 
indicating type should be studied, then 
the recording, and finally the applica- 
tion of the principles to the problem of 
the automatic controller, with simple 
systems of automatic control. Included 
here would also be the application of 
relay and servo arrangements, At this 
stage, other than general introduction 
of the problems of transient operation, 
the work should be limited to considera- 
tion of steady-state conditions. 


It is to be noted that of prime impor- 
tance in such a broad field as Instrumen- 
tation is the organization of material 
and, very definitely so, the classification 
of the major available instruments. This 
study, by way of examples, is thus to be 
carried out on competing methods of 
pressure instrumentation; and of tem- 
perature, by non-electric and electric 
means as an expeditious method of clas- 
sification. And in the matter of auto- 
matic control, in any one group the 
industrial regulator should receive at- 
tention alongside of the instrument 
type of controller. Of particular signifi- 
cance, to my mind, is the study of the 
operating characteristics, as for exam- 
ple, of a pressure-controlling device 
such as a pressure governor or pressure- 
reducing valve. Above all, it is to be 
noted that instruments are to be studied 
from the functional viewpoint. In such 
studies, a student should have the op- 
portunity of comparing competitive in- 
struments based on the same principle, 
as well as competitive instruments of 
differing principles. 

It is obvious, with the tremendous 
growth of the instrument industry, that 
a student will never be able to investi- 
gate any large number of different in- 
struments, through direct inspection, 
demonstration, or laboratory work. No 
text-book could ever hope to cope with 
such a fast-changing picture. Hence it 
it is up to the instructor to keep up-to- 
date and to supplement text-book studies 
by means of a suitably planned pro- 
gram of using current (and historical) 
commercial literature. Use of such lit- 
erature will also permit study of oper- 
ating data. To my mind, systematic use 
of commercial catalog material is very 
important, and considerably augments 
the literature. Parenthetically it should 
be noted that it contributes to a stu- 
dent’s knowledge of different companies 
in the field. 


Beyond undergraduate work, students 
pointing to a career in Instrumentation 
should continue along two broad lines. 
The first is in advanced work in the 
usual engineering sciences. The second 
is in studies on the quantitative aspects 
of both indication and automatic control 
equipment, dealing with typical design 
problems, modern automatic control 
theory embracing transient analysis, 
and study of the engineering literature 
of the different professional organiza- 
tions such as IIRD of the A.S.M.E., and 
the recently-formed I.S.A. In this quan- 
titative analysis, of particular signifi- 
cance will be the analytical phases of 
machine design, advanced mathematics, 


heat transfer, fluid mechani 
tronics. 

These studies, in turn, shou 
plemented by a series of lectu 
the guidance of the school 0 
fessional organization, dealing 
cialty design and control pro! te 
individual specialists, preferal m 
industry. This is adult educati 

In conclusion, it should be reite .teg 
the function of the technical schoo ‘st, 
provide the broad fundamental tra ing. 
but the detailed specialization f 
student engineer should be in the 
of the specialist industry. 

(The question of curriculum dé 
ment to permit the inclusion of « 
work in Instrumentation is a matt>r of 
treating the engineering materia! 0; 
the basis of the fundamental subjects 
of the profession, as outlined ove, 
rather than on the basis of detailed 
treatment of specialist technologies as 
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hitherto so often done. Instrumentatio; 
thus becomes a fundamental subject 
For more than twenty years separate 






laboratory work, and for ten years the 
detailed treatment of Instrumentation 
including work on automatic control, 
have been included in the regular under. 
graduate curriculum for the mechanica 
engineer at Columbia University. Here- 
in the material parallels treatment of 
heat-power subjects, including fluid me- 
chanics, and of machine design sub- 
jects.) 











DISCUSSION 

PROFESSOR DENNISON (Carnegi 
Tech): May I ask Professor K 
two questions? Is this course in instru 
mentation which you are giving part 
of a four-year undergraduate course? 
And if so, what did you throw out to 
put that in? 

PROFESSOR KAYAN: The answer to the 
first is yes, it is part of the four-year 
curriculum, and it has been in opera- 
tion about ten years. 





















About ten years ago we moved ot 
of the mechanical curriculum certal 
subjects such as steam turbine design 
and substituted what we considered th: 
more fundamental courses; for i 
stance, for general hydraulics, fluid mé 
chanics; and for the theory of pumps 
and turbines, fluid acceleration and dis 
placement. We have tried to generaliz 
on the basis of broad fundamenta! 

We feel that is a better set-up 
makes it possible to treat on the basis 
of the ruling concept, rather than t! 
basis of specific applications. We 
moved in that spirit, particularly re- 
ferring to the steam turbine des'g), 
feeling that, first of all, there re 
only a few companies in the cot 
designing steam turbines and on 4 
few students possibly would enc 
in those companies and, second, it as 
far better to adopt a broader conc: 
treatment of the problem of thé 
trifugal machine from the view 
of general fluid acceleration. T} * ! 
should say is our ruling idea; a1 
curriculum is fashioned on that 
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.e start this brief discourse by 
ying that I know very little 
yut instruments and only slight- 

about engineers. I am much 
| to our Instrument Engineer, 
rkpatrick, for a number of ideas 









in th following. 
Up ‘o about fifteen years ago, while 





d as coke plant operator, we 
ysed ‘ know almost all instruments by 
name .nd were our own experts in fix- 
ing them if they did not work. Some- 
e succeeded in doing this, other 
ot, partly because we didn’t 
nough, just as often because the 
instrument was not very good. Instru- 
ments were simple then and we under- 
stood nearly all about them. We could 
readily specify them—or leave them out 
(especially control instruments) and 
always we would be sure to provide 
enough by-passes so that we could go 
back to hand control and forget about 
the instrument. Fifteen years ago the 
engineer was his own instrument man. 

Now, things are different. Instru- 
ments today are as much like instru- 
ments then as a present-day radio is 
like the 2- or 3-tube sets I used to con- 
struct back in 1924. I keep my fingers 
off my own radio and give it to a radio 
repair man (who often seems to know 
as little as I do). Today’s engineers are 
kindly requested by the instrument men 
to keep their hands off instruments and 
not try adjustments. Moreover, instru- 
ments today if properly applied do 
work and are adjustable within remark- 
able ranges. In many cases hand con- 
trol is impossible in modern process 
work; the process is—at least partly— 
built around the instruments which are 
an integral part of the mechanical set- 
as much as the heat exchangers and 
distillation columns. The instrument en- 
gineer and his staff have become perma- 
nent additions to the personnel of the 
plant or design group. Not to have an 
instrument engineer and to call in 
salesmen or service men from the in- 
strument manufacturing concerns is 
much less satisfactory: They have their 
own axe to grind. 

All of the foregoing is by way of 

apologizing for the title of this talk. 
An excellent tool “Modern Instrumen- 
tation” has been added to the bag of 
the engineer. We should ask ourselves: 
“Is he today equipped to take best ad- 
vantage of it?” 
‘laborating somewhat more on this: 
Does the project engineer, the design 
engineer as well as the operating chem- 
ical engineer get the most out of the 
instrument possibilities such as (1) 
iction in operating cost by saving 
perating labor and material, (2) 
reduction in capital cost by saving in 
‘cessary equipment and space. 









times 


times 






kn yW 
































ul 
up 






















— 












sented at the Conference on Instrumenta- 
tion And The University, Carnegie Institute of 
Tecnology, Pittsburgh, October 16-18, 1945. 





Instrumentation for Engineers 


By B. J. C. van der HOEVEN, Manager of Operations, Butadiene Div., Koppers Co., Inc., Kobuta, Pa. 


As to (1): Judicious use of instru- 
ments does not mean use of instruments 
wherever there is space in the pipe-lines 
and idle curiosity about internal condi- 
tions; neither does it mean letting the 
instrument engineers go wild and in- 
stall all the latest additions in the cata- 
log just because they sound interesting. 
If the operating function can just as 
well be done by a set valve and would 
not save any labor, don’t do it. There 
is such a thing as overinstrumenta- 
tion when the resultant saving in op- 
erating labor means the addition of an 
equal number of instrument mechanics. 
Fascinating physical control apparatus 
is not always practical. Example, in- 
frared. On the other hand, don’t for- 
get that the instrument is always on 
the job; the operator cannot spend 
100% of his time working on one func- 
tion. 

As to (2) especially: Considerable 
education in Instrumentation of the 
older as well as young design engineers 
should be worthwhile. Very sizable sav- 
ings can be made. Today we can elim- 
inate to a large extent the so-called fly- 
wheels in process formerly used to al- 
low the operator breathing space be- 
tween steps for minor upsets. For ex- 
ample it was good practice formerly 
to provide reboiler kettles with capacity 
for say half-hour production between 
distillation columns operating in series. 
With a good control mechanism such 
capacity can now be reduced to per- 
haps a few minutes. Formerly we in- 
stalled gas holders preceding compres- 
sors; today we often omit them since 
good control will maintain a constant 
suction pressure. 

It is up to the design and operating 
engineer to make decisions in the mat- 
ter of where to or not to install in- 
struments; and he should have ade- 
quate knowledge about instrumentation 
to do so. 

All of this has been brought home to 
me in the last two years during the 
operation of our butadiene and styrene 
plant. We started out with a large num- 
ber of young operating chemical engi- 
neers and a large number of instru- 
ments essential to operations. The few 
instrument engineers whom we could 
get initially had their hands full; in 
fact the two really good experts we had 
worked twelve hours each for many 
weeks. Operations did not get smoothed 
out until the instruments— all the 
essential ones—were in tip-top shape 
and until we had a well-trained crew of 
some 25 instrument men. At times the 
operators claimed in their explainable 
agony that all the instruments were 
wrong again; the instrument men 
would claim that the operators talked 
through their hats and they them- 
selves do not understand the chemical 








intricacies of the process. I'll never 
forget one night when I had to keep one 
of our chief operators and one of our 
chief instrument men from coming to 
physical violence. It happened to be 
Christmas Eve. A lot of this contro- 
versy and agony could have been avoid- 
ed if our average chemical engineer had 
had more training in instruments. My 
answer, therefore, to the question “is 
the engineer properly equipped” is 
NO! 

What sort of training in Instrumen- 
tation is mostly needed for engineers? 
In my opinion what is needed is to add 
to the present training some 
knowledge about the various classes 
of instruments and of the theory on 
which their design is based, thus try- 
ing to give them a definite understand- 
ing as to the possibilities and limita- 
tons of instrumentation. In other words 
the same training that is now being 
given relative to the other tools of unit 
processes should be given on instru- 
ments. To illustrate the need for such 
knowledge: We had a most awful time 
with one instrument in butadiene, No. 
318, the so-called mole ratio controller 
for the converter feed. The analysis of 
the feed would vary over a range of 
10 to 20%. The instrument was blamed 
by the operators. Actually the fault lay 
on both sides. The instrument at first 
was not sensitive enough because of in- 
adequate differential across one of the 
orifices. This was properly adjusted. 
Secondly, the instrument of course only 
controls the ratio of two pressure dif- 
ferentials, not the ratio of moles in 
feed. Hence, variations in composition 
of one of the flows would upset the 
feed composition in two ways: directly 
by its composition, indirectly by change 
in gravity of the component measured 
and its effect on the differential. Once 
the obstreperous still delivering the 
feed was straightened out, the feed 
compounds became constant. The point 
is that the engineer operator was not 
familiar enough with the function of 
the controller to give it credit for the 
job it was doing. 

Another limitation in instruments— 
their accuracy—should become ready 
knowledge of the engineer. Certain flow 
instruments like orifice meters are no 
more accurate than 1 or 2% and cal- 
culations in three or more figures should 
not be depended on if such flowmeters 
furnish the information. Likewise ther- 
mocouples do not split degrees and 
should not be expected to. 

As always, judgment has to temper 
the conduct of the engineer and opera- 
tor. It is somewhat foolish to mount, 
as we did once, certain level indicating 
devices on control boards and get the 
operators to depend on them if they 
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should go out and look at the actual 
level in the apparatus themselves any- 
way. We should not try to make con- 
trol-board floor-walkers out of chemi- 
cal operators and make them think that 
the process actually goes on back of 
the board. A good chart is not the ulti- 
mate aim of operations. 

Lastly, I should like to point out that 
we should not try to make an instru- 
ment man out of every engineer that 
leaves school to the extent that he 
wants to do his own fixing. That defi- 
nitely would not improve conditions. 
We accept the instrument engineer and 
his helpers at their value, but try to 
understand what they do and assume 
that they know their business. Adjust- 
ing and repairing instruments, just like 
adjusting radios, has become enough of 
a specialized art to leave it to the in- 
itiated. We expect the schools to grad- 
uate enough engineers, gadget-minded, 
that will turn to instrument work as a 
profession. The average engineer need 
not be so specialized. It might be well 
to consider giving those engineers that 
specialize in instruments some more 
fundamentals of process work than the 
average mechanical or electrical engi- 
neer gets. 

Give us, however, chemical and me- 
chanical engineers that are going out 
as prospective chief engineers or plant 
managers with enough knowledge about 
the fundamentals of Instrumentation 
so that we can use our new tool to best 
advantage. 

DISCUSSION 

Dr. Gordon (Tennessee Eastman 
Corp.) : I am very glad to see Mr. Van 
der Hoeven emphasize the matter of 
costs, because that is a very important 


point in the field. One gentleman this 
morning said that we can use the manu- 
facturers’ literature and tear out the 
price lists. I think the price lists 
should be left in, because after all, the 
success of our industry depends on 
costs, and I suppose we have all seen 
a $500 potentiometer doing a job that 
an $85 thermometer could do just as 
well. 

Mr. WHITE (Atlantic Refining Com- 
pany): I was intrigued by Mr. Van der 
Hoeven’s statement that you shouldn’t 
put in so many instruments that you 
have to hire an instrument man for 
every operator you eliminate. If we are 
not able to hire some instrument men 
pretty soon we are going to have to 
reverse the process and take out the in- 
struments and hire more operators. 

MAJOR BEHAR: Mr. Van der Hoeven 
and other speakers have said that the 
curricula in which they are interested 
are already overloaded. One discusser 
this morning even doubted that in- 
strument engineering should be taught 
in engineering schools! You don’t really 
mean it, gentlemen. In your hearts you 
all want more instrumentation educa- 
tion in all schools. 

Mr. WILDHACK: I am very glad that 
the two previous speakers implied that 
their objectives would be met by the 
survey course. Already in specialized 
courses in mechanical and electrical en- 
gineering and others there is a good bit 
of time spent on instruments germane 
to that field. Yet we all realize there 
is a lot of instrumentation they will 
meet after they get out that is not 
germane to the specialty they follow, 
or they may not follow the specialty 
they had expected to. In all of these 
cases it is expected that the survey 


course will give each type o 
or technologist an acquaint 
the types of instruments in ot 
and it is the cheapest and qui 
to get instrumentation in the 
the people who will use it. 


Mr. McMAHON (Republic F 
ters Co.): It has been very 
ing, this discussion on the inst 
serviceman, the man using the 
ments in process, and the value 
services. I have been on the oth: 
of the fence for the past two yea 
it is my observation that instr 
departments spend about as muc! 
throwing out instruments that 
process design department wan 
put on, as in putting in instruments 
My point is that a good instrumen 
department has a much more difficy); 
time keeping unsuitable instruments 
from being applied than keeping thy 
proper instruments in the proces 
Perhaps Mr. Kirkpatrick has 
comments on that. 

Mr. KIRKPATRICK (Kobuta Plant 
Koppers Co.): My experience wit! 
salesmen has been to the contrary; ; 
proper instruction will stop that 

Mr. WEBB (Carbide & Carbon Chem 
icals Corp.) : I have an observatio) 
this last talk: As an instrument 
gineer I find that a goodly shar 
my work is to keep the chemical engi- 
neer from putting too many instru 
ments on his unit and, often from mis 
using those that are on. 

CHAIRMAN EXLINE: Mr. Van 
Hoeven, do you wish to close in sum 
mary? 

Mr. VAN DER HOEVEN: I don’t think 
there is much more to be said on 
discussion, Mr. Chairman, I think most 
of these people agree with me. 


Applied Pilot Plant Instrumentation 


By W. C. OFFUTT, Refinery Process Engineer, Gulf Research & Development Co., Pittsburgh, Pa. 


ical, mechanical, electrical, or in- 

strument) when broken down to its 
elements appears to be relatively sim- 
ple. However, successful applied engi- 
neering or instrumentation is difficult 
and requires years of experience before 
accurate and mature decisions may be 
competently made. Assuming the fore- 
going statements to be true, it is a diffi- 
cult task to teach applied instrumenta- 
tion to a college student who is already 
absorbing his education at capacity. I 
feel that if certain factors are stressed 
during instrumentation training, the ap- 
plied part of instrumentation may be 
fairly satisfactorily taught to the engi- 
neering student. 

This discussion briefly mentions some 
of the important factors relating to the 
successful training of a student for the 
applied part of Instrumentation. No at- 
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tempt will be made to discuss what a 
theoretical Instrumentation course 
should include, but only a few of the 
many factors that are not written in 
text-books will be mentioned. 

Since it is understood that a student 
of Instrumentation has had the neces- 
sary background for the formal study 
of the subject of automatic control, 
such subjects as automatic control 
mechanisms, pyrometry, thermometry, 
pressure and vacuum gages, recording 
instruments, etc., should be taught in 
conjunction with commercially - avail- 
able instruments. This point is perti- 
nent in order that the student become 
familiar with the mechanisms and 
fundamentals, or combinations of these, 
used in commercially-available instru- 
ments. Lack of detailed knowledge of 
available instruments leads to the de- 
sign, construction, and calibration of 
an instrument, by those not competent 
to do so, for a specific job when such 
an instrument is already being manu- 


factured which probably would serv 
the purpose better than the one cor 
structed by an inexperienced engincer 


This mistake proves to be an expensiv' 


and laborious task and shows sign 
incompetency when practiced in pilot 
plant instrumentation. A lack of ¢ 
eral knowledge of the available t: 
of commercial instruments also lead 
the purchase of all the required instr 
ments from one manufacturer. It 
generally known that one instrument 
company does not lead the field in al! 
phases of instrumentation. This w 


limit pilot plant instrumentation to the 


scope of one manufacturer’s “line” 
in many cases, would involve the in 
lation of unsatisfactory equipment. 
not only is serious from the stand} 
of loss of out-of-pocket money, b 
is also serious from the standpoi! 
retarding research. 

There should be included in In 
mentation study more than just ge 
theory of instrumentation. An att 
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Fig. 1. Schematic diagram of a reflux coolant system for supplying and maintaining con- 
stant reflux to pilot plant fractionating systems. The automatic valving maintains constant 
pressure at each throttling needle valve regardless of the load in the system. 
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Figs. 2 and 2A illustrate a simple method of obtaining a positive seal on pilot plant flow 
processes. It is necessary to have safety features incorporated in pilot plants as well as in 
commercial plants. Most commercial pop valves do not maintain 100% seals, particularly 
where there are surges in the system. Utilizing a blowout disc before the pop valve com- 
pletes the seal. Fig. 2A shows the bursting pressures of various diameters and thicknesses 
of annealed copper diaphragnis. 
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Fig. 3 illustrates a simple method for maintaining of two vacuum levels on separate dis- 
tillation equipment, utilizing a single vacuum supply. 


should be made to give the student a 
chance to develop resourcefulness in 
working out his instrument problems. 
Resourcefulness may be developed by 
extensive laboratory work with instru- 
ments in simulated test set-ups. 

In the university engineering course 
some practical instrumentation work 
may be included along with unit oper- 
ations experimental work. The record- 
ing of data from the instrument oper 
ation and the process itself should be 
part of the laboratory experiment. The 
experiments, relating to instrumenta- 
tion should be as thought provoking as 
possible and should include such prac- 
tical things as: 

1. Experiments relating to the cali- 
bration of all types of measuring instru- 
ments and automatic control mechan- 
isms. 

2. The study of the effects of ambi- 
ent temperature compensation for gas 
and liquid-filled thermometers and milli- 
voltmeter type pyrometers. 

3. Studies in the effects of height 
of location of immersed gas and liquid- 
filled thermometer bulbs and pressure 
controller taps. 


4, Preparation and operation of ther- 
mocouples. 


5. Experiments relating to the ther- 
moelectric power of various thermo- 
couple systems and stray electromotive 
forces. 

6. Liquid level measurements. 

7. Proper immersion of glass ther- 
mometers. 

Such practical experience obtained 
from a comprehensive laboratory pro- 
gram in Instrumentation aids in getting 
a background needed for adjusting in- 
struments on an actual process-control 
test. This factor is of primary impor- 
tance as many pilot plant runs have 
been unsuccessful because of engineers 
making improper adjustments to in- 
struments. 

An inexperienced chemical engineer 
is unable to discriminate between where 
precision is required and where pre- 
cision is not required. One may make 
the methodical error of making labori- 
ous thermocouple calibrations when the 
absolute temperature would be satisfac- 
tory if measured to +10°, or neglect to 
calibrate thermocouples when precision 
of +1° or less is necessary. A detailed 
study should be made of the accuracy 
of standard thermocouple wires pro- 
duced by reputable instrument com- 
panies, calibration of these for most 
practical purposes being unnecessary. 
It is well to point out that unless a large 
number of thermocouples are to be cal- 
ibrated, it is a much better practice to 
have the thermocouples calibrated either 
by the manufacturer or by the National 
Bureau of Standards than to construct 
or purchase adequate equipment (and 
to develop the “know-how”) for the 
calibration of a relatively small num- 
ber of thermocouples or indicating 
gages. In addition, accurate calibra- 
tions are often not necessary for meas- 
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Fig. 4. This sketch illustrates a pressure control on 
the top of a high-pressure fractionating tower, using a 
partial condenser for supplying reflux and the con- 
densate product being removed as a liquid. The frac- 
tionating tower without nitrogen bubbling through 
would be practically impossible to control with instru- 
mentation as slight fluctuations in condenser water 
temperature would cause changes in pressure that could 


Fig. 5. This diagram il- 
lustrates the high-pressure 
pumping and metering of 
a low capacity flow. To 
pump liquids at low rates 
and high pressures, it is 
mecessary to use a recip- 
rocating type pump. In 
order to maintain a con- 
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to have a large surge 


E .. 
t < 
‘ 
{ 
‘ 
' 





not be controlled by an automatic reducing valve. 





uring instruments or automatic-control 
mechanisms to indicate or record the 
actual temperatures, pressures, or flow 
rates precisely, but it is often satisfac- 
tory on a relative basis. This is partic- 
ularly true in pilot plant development 
work where control instruments are 
moved from point to point and sensi- 
tive indicating gages are used at refer- 
ence points. It would be a difficult task 
to calibrate pressure controls every 
time the point of control is moved from 
one part of a processing unit to an- 
other. It is, therefore, a common prac- 
tice to use such instruments on a rela- 
tive basis and rely on an accurate indi- 
cating gage for the precision measure- 
ment. 

It is practically an impossible task 
to teach and to give a chemical engi- 
neering student adequate theory and 
experience to make him capable of re- 
pairing and adjusting all types of in- 
struments. However, it should be pos- 
sible to supply him with sufficient back- 
ground to enable him to competently 
determine whether or not an instru- 
ment needs repair or adjustment, or 
whether or not the system hook-up is 
faulty. One should realize that an ex- 
perienced instrument repair man is the 
most capable person to make repairs 
and adjustments. Hours of time can be 
wasted with inexperienced hands work- 





bomb and level sight gage 











before an automatic re- 
ducing valve to maintain 
a constant flow. 


come an expert by taking a short in- 
strument course in the university. It 
should also be pointed out to the stu- 
dent that the instrument course is only 
supplying a background and that it 
does not make him capable of being an 
instrument engineer. In practice, a 
chemical engineer should be thoroughly 
familiar with the process problems, and 
he should rely on the experience of in- 
strument engineers for the final choice 
of a particular instrument and its ac- 
cessories to satisfactorily control the 
process. This should involve a careful 
selection and a logical choice of auxil- 
iary process equipment, which is ex- 
pected to be controlled by the instru- 
ment. In many cases, particularly in 
pilot plant work, it is necessary to re- 
sort to trick pilot design in order to 
suit the instrument rather than to de- 
velop new instruments to control the 
pilot plants. 

Most instruments are made on uni- 
form production-line basis, but combi- 
nations of their auxiliary parts are 
made to meet the customer’s specific 
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problem. Therefore, an automatic-cop- 
trol system cannot be ordered by cata. 
log number only. Temperature ranges, 
pressure ranges, rates of flow, types 
of construction materials, and work. 
ing conditions must be clearly specified 
on an instrument order. 

An instrument system to be ordered 
for a commercial plant or for a pilot 
unit must be codrdinated with other 
various departments. For example, be. 
fore ordering an instrument the chen- 
ical engineer must codrdinate the re 
quirements of the instrument with the 
service departments, finding out specif- 
ically what services are available, such 
as voltage and frequencies of the elec- 
tric power supply, and quantities and 
pressure of the air supply. Further co- 
ordination is desirable with the fabri- 
cators who install the thermocouples, 
pressure taps, etc., in the equipment 
to be controlled. 

It is the opinion of some instrument 
engineers that a process cannot be con- 
trolled by instrument unless it is con- 
trollable by hand. This statement is far 
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Heater Outlet Temperature, 
Naphtha Feed, B/H.... 
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TABLE I—COMPARISON OF 


LABORATORY AND 

COMMERCIAL NAPHTHA POLYFORMING 
Commercial Laboratory 

} Unit 

1030 

65.8 (eale.)} 

128.5 (cale.) 


°F 


vol. %... 


vol.% of charge:— 


Gasoline 
Tar .. 
Gas, cu. ft. 7B chg... 


Naphtha mppel — 


-P. 
A.S.T.M. 


“Distillation, 
0.P. 

EP. ’ 

10% 

50% 

90% 


Stabilized Distillate:— 
A.P.I 


Acid Heat, ° 
Oxygen Stability, min..... 


wey 


eral view of a thermal cracking pilot plant which was used to obtain design data for 
Polyform Process. Several commercial units have been designed and built from this 
nit. Table I illustrates the accuracy of a properly designed and instrumented pilot unit. 


This photograph is a view of the control panel for the fluid catalytic cracking pilot unit 
illustrated in Fig. 6. At the left are two panels of rotameters. The small ones at the extreme 
left are Fischer & Porter twin Junior rotameters having a maximum capacity between 1 and 


3 cu.ft./hr. The other rotameter panel shows the set-up for larger capacities: 
Next is a Brown self-balancing potentiometer with 


of gas per hour. 


from 10 gallons 


uree selector switches (one being manipulated) containing 40 thermocouples each. The re- 
iainder of the panel board shows the electrical control circuits and the pressure and flow 
control-pneumatic instruments. 
FRONT COVER.) This is a view of the same panel board, showing also an automatically- 
itrolled constant-temperature condenser and receiver for the collection of catalytically- 


icked petroleum products. 


The small vessel in the right foreground (middle of picture) 


1 water-oil separator in which the water and oil both are trapped out by gravity through 


ventional U-type traps. 


true in pilot plant work, and it is 
my opinion that it is not true in 
-scale commercial process control. 
e foregoing statement seems to be 
dge of instrument sales engineers 
try to justify the fact that their 
iny’s line is not broad enough in 
to cover the entire instrument 
or to justify an opinion based on 
ick of knowledge of the possibil- 
of instrumentation. 
‘t plant instrumentation not only 
es the use of instruments but the 
ination of instruments, pumps, 


heaters, heat exchangers, etc., designed 
for specialized control. Many successful 
instrumentation problems have been 
worked out in pilot plant operations by 
using combinations of instruments, with 
the primary instrument only setting the 
control point for the second instrument 
by receiving its signal from that speci- 
fic part of the process which shows the 
greatest change first. 

Pilot plant instrumentation is as im- 
portant as the actual experimental data 
taken from the units in order that a 
background in instrumentation and 


lbs./sq.in. . 
az Distillation, 


E. r : 

10% 

50% 

90% 

8.U.8. at "100° oF... 


control for the commercial process, as 
well as the pilot plant process, is de- 
veloped. This involves complete coordi- 
nation of the pilot plant scale process 
with the commercial instrument and 
design engineers. Instrument and con- 
trol diagrams, photographs of pilot 
plant instrumentation and component 
parts, and examples of instrument per- 
formance are helpful. 

A pilot plant process engineer must 
acquire sufficient background in order 
to be fair to the instrument. One must 
avoid the checking of commercial in- 
struments with inadequate standards. 
Many cases have been found where the 
instrument was condemned or thrown 
out on the basis of using mercurial 
thermometers which were either inac- 
curate or were used at the improper 
immersion. 

During the course of pilot plant de 
velopment, many instrumentation prob- 
lems arise. Only actual test determines 
whether or not an instrument is satis- 
factory, and often it is necessary, as 
previously mentioned, to resort to trick 
pilot plant design to suit the instru- 
ment. Therefore, the pilot plant devel- 
opment engineer must be broad-minded 
and not condemn an instrument when 
it has been misused. 

In conclusion, a good chemical or 
instrument engineer must develop after 
leaving school because it would be im- 
possible to properly train an instru- 
ment engineer to satisfy all specialized 
fields of industry. 

The following slides will illustrate 
some typical pilot plant instrumenta- 
tion and control setups. 

DISCUSSION 

A MEMBER: I have been asking my: 
self during these discussions, what 
would happen when an electronic device 
goes wrong? When I go to fiddle with it 
the tradesman always beats me to the 
punch. I think some of the work that 
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we have thought of as engineering work 
might go to servicemen’s or trades- 
men’s work. 

CHAIRMAN EXLINE: We have had 
many divergent opinions during the 
Conference; in fact, you might say we 
have oscillated quite a bit, perhaps we 
have needed some stability. We have 
heard some people say that chemical 
engineers should have intensive courses 
in Instrumentation so that they would 
know what to do with any instrument, 
and others have said that engineers 
should keep their hands out of the in- 
strument. 

A MEMBER: In my opinion, we can 
profit from the Army on that. The first 
thing they teach their officers is, You 
can’t give orders unless you know how 
to take them. So how is a chemical 


engineer going to supervise the running 
and maintenance of his equipment if 
he doesn’t know anything about how it 
works and how to take care of it? 
Mr. MCMAHON (Republic Flow Me- 
ters Co.): I wonder if any thought has 
been given by either the Instrument 
Society of America or the colleges of 
short survey or summer courses? There 
has been an example of that for a num- 
ber of years in the Gas Metering Short 
Course at the University of Oklahoma, 
given by the petroleum people—the uni- 
versity supplying the facilities and 
the lectures being given by manufac- 
turers and users of the equipment. 
With the intense interest in this sub- 
ject and the fact that many men in in- 
dustry would be eager for a survey 
course, it seems to me that such a 


Laboratory Instruction in Instrumentation 
for University Undergraduates 


course could be sponsored } ~ the 


strument Society of Americ: if it 


does not care at this early t 
life to sponsor such a thing. 
universities might consider 
course. I am sure they would 
collaboration of the manuf 
who undoubtedly would be glad 
low the practice at the Univ: 
Oklahoma where they send the 
ment, set it up and demonstrat« 
give as complete instruction on 
possible. 

That course involves both le 
and classes on theory and p1 
Many of the engineers come i) 
basically it is for the men who 
tain the instruments. However, it 
to me that a similar thing could |} 
on by some of the universities, 


By MARTIN H. WHITE, General Foreman, Mechanical Laboratory, The Atlantic Refining Co., Philadelphia, Pa. 


N planning a course of instruction in 

Instrumentation for undergraduate 

engineers, it must be remembered 
that instruments are used in so many 
fields and in so many ways that only 
a comparatively few phases can be cov- 
ered in the time which could be allotted 
it in most already heavily-loaded engi- 
neering curricula, There are, however, 
certain fundamentals which should be 
of value to almost every engineering 
student who hopes to enter one of the 
so-called “process” industries of which 
the chemical and the oil refining indus- 
tries are typical examples. 

It is my firm belief that this student, 
when he graduates and takes a posi- 
tion as an engineer in this field, should 
have more than just a speaking ac- 
quaintance with the industrial instru- 
ments he will encounter. I do not in- 
tend to convey the idea that I favor 
making skilled instrument mechanics 
out of our student engineers, but I do 
feel that they should be familiar enough 
with the correct application techniques 
of these instruments to avoid the many 
pitfalls that await them. 

I believe I am safe in saying that 
there are two subjects about which the 
majority of engineers know little as 
they walk across the platform and re- 
ceive their degrees. One of these is the 
measurement of flow of fluids through 
pipe lines and the other is automatic 
process control. It is the purpose of this 
paper to emphasize the importance of 
these two subjects and to offer a meth- 
od for providing the necessary instruc- 
tion. 

In many cases, laboratory courses in 
hydraulics give the student a large 
amount of work on the measurement of 
the flow of water over weirs and 
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through flow nozzles with open dis- 
charges, with little time devoted to the 
measurement of flow of fluids through 
pipe lines by means of sharp-edge ori- 
fices and flow nozzles. The result of this 
training is that he probably graduates 
with the impression that most flow 
measurements are made by the methods 
first mentioned and he receives a rude 
shock when he enters one of the process 
industries and finds that weirs are al- 
most unheard-of and that flow nozzles 
with open discharges are seldom used. 
Instead, he finds that the sharp-edge 
orifice, because of its ease of installa- 
tion and maintenance, and its adequate- 
ly high accuracy, is used .in at least 
nine out of ten installations. Accord- 
ingly, he must change his conception of 
flow measurement completely and start 
almost from the bottom to learn this 
new technique. 

It is my suggestion that the hydrau- 
lics laboratory be equipped with a 
measuring section, including the nec- 
essary lengths of straight pipe and 
flanges for the installation of orifice 
plates, with pressure taps located at the 
conventional distances for flange taps, 
vena contracta taps and pipe taps. The 
flow through the section can be sup- 
plied by a pump taking suction from 
a tank and the flow from the measur- 
ing section can empty into a second 
tank or return directly to the first tank, 
The second tank is, of course, desirable 
because it can be calibrated and used 
to check the flow measurements. 

Measurement of the pressure differ- 
ential across the orifice can be made 
with a simple U-tube manometer, but 
I strongly recommend the use of one 
or more of the standard commercial 
types of flow meters. I say this because 
I believe it would be of considerable 
value to the student to have the oppor- 
tunity to take these meters apart, ex- 
amine them internally and reassemble 


them. He should also make an ac 





ems 


put 





tual 


calibration of the meter by means of a 


U-tube manometer. 


Each laboratory group should a 
ally install the piping from the or 


taps to the meter. This includes 
installation of seal chambers and 
necessary equalizing and servicing 






ctu- 
ifice 
the 
the 
con- 


nections. Instruction along these lines 
should include the precautions which 


must be taken under unusual condi- 
at a 
higher elevation than the orifice, or 


tions, such as the meter being 


qd 


the 


fluid to be measured having a higher 


specific gravity than the sealing li: 


juid 


Instruction of this nature may seem 


to apply more to the maintenance 
of the instrumentation field, but I 
convinced that any engineer who 


anything to do with piping desig: 
instrument application will be ab! 


end 
am 
has 
1 01 


e W 


do a much better job if he has some 


understanding of the problems 

volved in installing the equipment 

keeping it in operation. 
The lectures given 


in conjun 
with this laboratory work should c 


in: 
and 


tior 


Ver 


the theory of flow measurement with 


+ 


sharp-edge orifices. The development 0! 
the fundamental equations is a rela 


tively simple matter, but their ap] 
tion to industrial processes frequ: 
introduces a number of complicat 


1Ca- 


In the first place, the student should bi 


impressed with the fact that he w 
called upon frequently to measur: 


flow of liquids other than water and 


temperatures far from atmosp! 
This requires him to determine 
physical properties of the mater 
specific gravity and viscosity a 
normal temperature and pressu 
the orifice. 

Similar problems arise when he ° 
to measure the flow of gases. H 
been taught Boyle’s Law from th 
he first studied physics, he is li 
assume, unless properly informe 
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functions universally. It should 
ht out that Boyle’s Law is ap- 
nly within narrow limits, par- 
in the case of gases of high 
- weight. It is important that 
an understanding of such 
critical temperature and pres- 
eudo-critical temperature and 
reduced temperature and 
, and fugacity, so that he can 
th these properties to determine 
ific volume of the gas under 
lowing conditions. 

It is not to be expected that the un- 
jerpgraiuate student will be able to 
jevote enough time to this phase of his 
‘ing studies to become compe- 
nt to handle any flow measurement 
s that may come his way, but 
be forewarned against the er- 
assumption that they involve 
but simple arithmetic. 
similar approach must be made in 
onsidering the subject of automatic 
ontrol. Here we have a field which has 
xpanded at an almost unbelievable rate 
in the last few years, particularly in 
response to the stimulus of war, until 
it has reached the point where there is 
ardly an industry or even a process 
nat does not use it in some way. Again, 
verefore, I must preface my remarks 
with the statement that I am speaking 
from the viewpoint of the process in- 
dustries and that the instruction I am 
suggesting applies primarily to pneu- 
natic controllers which predominate in 
numbers for this type of operation. 

The laboratory work should begin 
with a study of the controller itself. 
The student should be given the oppor- 
tunity to examine the mechanical parts 
and become familiar with the operation 
and the adjustments of as many makes 
and types as possible. 

Along with this, he should be in- 
structed in the more common type of 
controller actions, such as: two-posi- 
tion or open-and-shut action, propor- 
tional- position or throttling action, 
floating action, derivative action and 
reset action. These controller charac- 
teristics can be demonstrated in the 
laboratory by supplying air to the in- 
strument at the specified pressure and 
putting it through a series of properly 
selected operations, In this way the stu- 
dent will become familiar with such 
terms as “differential gap,’ “propor- 
tional band,” “floating rate,” “reset 


] 
n 
t 
t 
¢ 
. 


i rate” and “rate time.” 


It is highly desirable to set up in the 
laboratory a dummy process for dem- 
onstrating the complete automatic con- 
tro! cyele. This can be done without the 
expenditure of a large amount of 
money. Such a device is an extremely 
valuable piece of equipment: with it the 
student can see the results of applying 
different types of controllers to a pro- 
cess. He will see at first hand why a 
two-position or open-and-shut controller 
Wil! always produce cycling control. He 
Will understand more clearly why a 
portional-position or throttling con- 


troller will always give an “offset” or 
“load error” when the process load or 
demand changes. He will learn how 
the reset action functions to elimi- 
nate this error and he will gain, in 
a comparatively short time, a compre- 
hension of what automatic controllers 
can do and under what conditions the 
different types can be applied. 

He will also be able to observe the 
effect of changing the controller adjust- 
ments. He can see fer himself, for ex- 
ample: how derivative action affects 
the initial deviation under rapid load 
changes; how increasing the width of 
the proportional band of a proportional- 
position controller increases the initial 
deviation and the offset but improves 
stability in most cases; how increasing 
the reset rate can produce cycling; and 
many other automatic-control phenom- 
ena. This will not make him an author- 
ity on automatic control, but it should 
provide a foundation upon which he 
can build through later experience in 
the profession. 

In conclusion, I want to add a word 
of commendation to all those who had 
a part in organizing this conference. If 
we in the industrial field have not been 
completely satisfied with the instruc- 
tion which you in the educational field 
have given student engineers, it is our 
own fault for not telling you more spe- 
cifically what was needed. 


DISCUSSION 


PrRoFEssoR KAYAN (Columbia Uni- 
versity): Mr. White has brought out 
some very interesting points. Perhaps 
the point on measurement of flow as 
brought out in the study of hydraulics 
could bring us to reconsidering the 
whole subject of hydraulics as part 
of the more general subject of fluid 
mechanics. 

Mr. HALL (Foxboro Co.): It seems 
we have a unanimity of opinion, from 
some of the speakers and the remarks 
from the audience regarding certain 
educational requirements. Mr. White, 
Dr. Miller, Mr. Offutt, Mr. Webb, Mr. 
Ferguson, Dr. Kayan, Dr. Beitler and 
Mr. Gordon seem to be pretty open- 
minded in what is needed. What has 
been done at Worchester Tech may not 
be a final thing but it is a start. What 
we want to do is to get the practical 
part of instrumentation to as many un- 
dergraduates as we can. I am not 
speaking for my own company, I am 
speaking for the instrument industry 
and for the users when I make that 
statement. I can say that my company 
offers a very cordial invitation to any 
educators interested in what we are 
doing in our own training program and 
what Worchester Tech is doing, to visit 
us, and it can be arranged for them to 
have an opportunity to see what is be- 
ing done at Worchester Tech. It is a 
start, and a start is what we need. 

Mr. WEBB: I wasn’t surprised when 
I was told by an attendant this noon 
that he had been sitting up in the 
corner where graduate and undergrad- 
uate students sat this morning and that 








the young men were very much con- 
fused by what they had heard. I think 
you can appreciate how they felt after 
hearing the discussions these last three 
days. I am not worried about that 
confusion, for I have attended many 
meetings of this general type. I would 
suggest that anyone who is worried 
wait a month until all this is published, 
and then be sure to obtain a copy and 
read those articles in which he is par- 
ticularly interested. I think he will find 
more meat and common sense than 
there seems to be on the face of it. I 
would suggest that we withhold judg- 
ment as to the confusion and lack of 
progress until we do that very thing. 

PROFESSOR BICEK (Illinois Institute 
of Technology) : I would like to make a 
suggestion concerning one phase of In- 
strumentation education that I think 
has been overlooked. 

Everyone seems to agree that we 
should have Instrumentation education 
all the way from graduate work to 
short courses for bench men. There 
have been papers relating to all aspects 
and there has been general agreement. 
I would like to suggest, however, that 
one of the major difficulties is lack of 
information. A company may expect 
the student to know the principle and 
operation of an instrument, but it is 
almost certain that the company does 
not have in its own files an adequate 
technical description of the equipment 
and its mode of operation and repair. 

A professor or instructor trying to 
teach Instrumentation has to be a sup- 
erspecialist to keep up with develop- 
ments in the field. If he attends all the 
meetings, writes for every bulletin that 
comes out, and has excellent industrial 
contacts, he may obtain enough infor- 
mation to be a real up-to-date in- 
structor for his students. If the man in 
the plant writes for every possible bul- 
letin, talks to all the salesmen and 
writes long letters of inquiry, he may 
succeed in garnering the essential facts. 
The accumulation of the information 
is a phenomenal secretarial task. 

If a man who is teaching didn’t have 
to rely on twenty or thirty years of 
experience to accumulate the pertinent 
information, I believe things would 
move along a lot faster in the teach- 
ing of Instrumentation. Some sugges- 
tions I would like to make are these: 

I would like to see the information 
put out by the manufacturers in some 
standard form, not from vest-pocket 
guides to oversize catalogs. 

I would like to see this information 
available for distribution to the stu- 
dent as primary source and study mate- 
rial. The value to the companies of 
such information placed in the hands 
of those who will use or specify such 
instruments in a few years might well 
justify the cost of distribution. 

I would like to see the use of draw- 
ings, exploded views, technical descrip- 
tions, charts and data replace the sole 
dependence on glittering sales promo- 
tional generalities. 

Finally, I would 


like to see an 
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agency, such as the Instrument Society 
of America for example, act as a cen- 
tral source for all such industrial and 
technical literature on instruments. If 
one were able to make his own selec- 
tion of information from one source 
rather than the infinitude of sources 
needed at present, it would be a tre- 
mendous and much-needed aid to the 
dissemination of knowledge concerning 
modern instruments. 


It has always been true that lack of 
the means for the dissemination of 
knowledge has held up progress. Such 
a standardization, improvement and 
centralization of information on _ in- 
struments would take us a long way 
from the present where one may spend 
many a futile hour tracking down in- 
formation on one small meter. 


Mr. Sperry: The I.S.A. is trying 
to find out from this Conference the 
most pressing problem that we, as a 
new organization, should tackle. We 
are still an embryo organization but 
we are soon going to be faced with the 
problem of establishing certain policies. 
Frankly, when we plan our publication 
policy we would like to feel that we 
were producing literature that is not 
available to the public today, and 
something along the lines that has been 
suggested here may well be a very fer- 
tile field for us to consider. 


CHAIRMAN EXLINE: I have felt that 
the problem of securing informa- 
tion of substantial value to the engi- 
neer and the student is a real one. We 
have file cases full of catalogues to 
which we go when hunting for infor- 
mation on various applications of in- 
struments. I am sure the size of that 
file could be reduced 50 to 75% if the 
unnecessary material were weeded out 
of each catalogue. I don’t mean publi- 
cation of literature without the maker’s 
name on it, but I do feel that there is 
redundant material, that it is not pre- 
sented uniformly, that it is difficult at 
times to get the exact information one 
needs for a particular application. 
Some instrument companies have done 
excellent jobs in presenting such infor- 
mation, but I think much remains to 
be done and I hope Mr. Wildhack, the 
chairman of the I.S.A. Committee on 
Publications, can present concrete 
recommendations for the solution of 
this problem. 


Mr. FairRcHILp: At the beginning 
of this conference I was very much 
encouraged by the tendency to stress 
the idea of teaching fundamentals in 
undergraduate courses. Every once in 
a while, and particularly today, it has 
been brought up that it is necessary 
to teach undergraduates factual infor- 
mation about instruments. I wish to 
call attention to the requirement that 
has been emphasized by many, that we 
stick to teaching fundamentals. Dr. 
Brown and Mr. Campbell of M.L.T. 
acknowledgedly support this — particu- 
larly in automatic control. But, as I 
. was telling Dr. Brown, I think they are 
steeped in automatic control, and he 
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would think of Instrumentation 
largely the study of dynamics. 

The point of view as illustrated by 
Dr. Brown and Mr. Campbell on the 
one hand and men who think of instru- 
mentation as instrumentation of proc- 
ess industries illustrates that we are all 
men with narrow points of view trying 
to talk about very broad subjects. 

I would like to point out that there 
are universally accepted principles of 
measurement, there are universal prin- 
ciples of automatic control. These 
should be taught to the undergraduate. 


as 


PROCEEDINGS OF DISCUSSION PERIOD. 
TUESDAY MORNING SESSION, OCTOBER 16, 


(Discussions of papers by Dr. Gerard, Commander Hibbard. 
Major Callahan, Dr. Powers and Major Bowman.) 


CHAIRMAN PiGOTT: Now I throw the 
discussion open to the floor and will 
ask each person wishing to ask a ques- 
tion or present a discussion to an- 
nounce his name and connection; and 
also to mention the author he wishes 
to particularly address himself to. 

Mr. BINKLEMAN (Carnegie Institute) : 
I would like to address a question to 
Major Callahan, on the “Future Re- 
quirements of Instrumentation in Avia- 
tion.” One of the items you mentioned 
among the Army’s needs for improve- 
ment was a lubricant which would work 
from 200 above to minus 85 degrees. 
There is a new material called silicone 
which the Army has used in many 
phases, rubber gaskets in the super- 
charger of the B-29 and so on. I be- 
lieve this material, silicone, has advan- 
tages and can resist temperature 
changes, and though it is not a per- 
fect lubricant it might be improved in 
a number of years. What has the Army 
done about that? 

MAJOR CALLAHAN: I will say the sili- 
cone compounds that have been tried 
have not shown lubricating qualities to 
compare with petroleum products; and 
their lack is serious. However, it is 
interesting to note other uses of sili- 
cone; we have used it at times as an 
electrical insulating and sealing com- 
pound, and for damping fluid for 
bubble sextants. It would not be proper 
to say that silicones have lubricating 
qualities equal to petroleum, although 
we are very much interested in infor- 
mation on the subject. 

CHAIRMAN PiGoTtT: The Chair can 
offer something else in answer to that 
question. Not only the silicones but a 
number of other products which we 
hadn’t considered heretofore as possible 
lubricants are being investigated, 
among them a group of diesters. It is 
interesting to know that the Elgin 
watch oil used during this war has no 
hydrocarbon petroleum lubricants. It 
is entirely synthetic: there are I be- 
lieve five different synthetics in it. The 
only reason I know about this par- 
ticular lubricant is that it was de- 
veloped at the Gulf Laboratories. 





So I want to point out oe 
always trying to talk fro ; 
little niche, looking throug! 
at so broad a subject that it 
der the students that are he) 
fused. If we can think of i; 
ology as based on the funda: sof 
physics and chemistry and ma 
and the allied basic topics of th 
graduate course and build 
then only can we integrate inst, 
ology into a coherent whole. 

[The Conference adjourned s die 
at 5:05 p. m., Thursday Oct. 18, 






















There will be a wide range of |ubri- 
cants which are not hydrocarbon prod. 
ucts. The main difficulty with hydro. 
carbons is that God didn’t make then 
with a flat viscosity index; they wer 
not made to be used from minus 85 ¢; 
200. There are some good lubricants, jp- 
cluding greases, which have been de- 
veloped to the point where you elini- 
nate sweating. As you all know, a 
grease is made of oil mixed with a 
metallic soap, as a rule, and there are 
ranges of temperature which cause the 
oil to sweep out of the soap, spoiling 
the grease in operation. Some of thos 
in which that defect has been stopped 
consist of some of these new synthetic 
compounds. 

MaJor BeEHAR (Pittsburgh Section 
I.S.A.): Since we are starting on the 
good Major from Wright Field, here 
is another for him. He told us that 
one of the future requirements is auto- 
matic indication of balance of loaded 
aircraft. A few months ago an instrv- 
ment company, I think in California, 
announced that they had developed in- 
struments which they claimed would 
integrate all the weight factors—that 
is, all the longitudinal moments; not 
the lateral—and compute the balance 
location to a fraction of one percent 
of the mean aerodynamic chord. One 
of these instruments does require someé 
computation by a human operator, but 
a minimum according to the announce 
ment: mostly drawing straight lines on 
special graphs—the kind of work th 
navigator does so quickly. The other 
instrument, however, was said to be 
fully automatic and although I didn't 
see a technical description—only a pic 
ture—it seems to be an electrical cal: 
culating machine into which you ‘eed 
the fixed weight factors such as )a° 
sengers and cargo, and their dista: ces. 
In addition I think there was some 
thing about fuel consumption com ¢? 
sation: as fuel weight is reduc: 
flight, that reduction— as distri! ‘te¢ 
among the different fuel tanks—! 
taken into account. 

Mason CALLAHAN: I believe 2! 
answer that question, altho 
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familiar with the California 
The work recently has been 
along two lines. On the 
f course we support on three 
1.e two main landing gears and 
wheel or nose wheel, and by 
atic otrain gages at those three 
t. .f there is no wind, we can dis- 
the total weight reflected by 
ree points. However, in flight, 
the k that has been done is in 
ructural members, top or bot- 
i measuring the strain in these 
s, thereby giving an indication 


of lor tudinal distribution of weight. 
But of course on the ground the 
proble. 1 is complicated by wind, and 
we ha’e to establish these values with 
or wit:out the wind and, frankly, the 
ts to date with which I am familiar 


not shown sufficient sensitivity. 
We have to know the center of gravity 
to within one one-hundredth 


positio! 

of one percent of the chord of an air- 
raft, the chord being the distance be- 
tween the leading edge and the trailing 
edge, the total area divided by the 
span, and that is of the order of six 
feet in a fighter and thirteen feet in a 


B-17 class aircraft. We have to know 
hat within one one-hundredth of one 
percent, and we haven’t yet been able 
to repeat the readings with the same 
gages to that accuracy. It has been 
nearer to the order of one percent. 

Mr. FAIRCHILD (C.J. Tagliabue Co.) : 
I guess I will pick on Major Cal- 
lahan again. Stating a problem in in- 
strumentation doesn’t necessarily mean 
that an instrument ought to be de- 
signed to solve the problem. A simple 
illustration is a lubricant that will work 
from minus 80 to 200 degrees. Of 
course lubricant engineers and scien- 
tists probably can develop a lubricant 
that will be excellent over that range, 
but at the same time another group 
scan develop a better lubricant for a 
narrower range, and it brings up the 
possibility that perhaps we should con- 
trol the temperature of the instrument 
rather than provide for that range of 
emperature. The point is that once we 
have stated a problem it does not al- 
ways follow that instruments should be 
designed to provide the answer. 

Major CALLAHAN: Our wars are in- 
creasing in tempo; they may start very 
quickly and be over very quickly. We 
are contemplating air-borne armies. It 
is permissible to say now that at the 
beginning of the war, planes which 
were ordered to England got as far as 
Newfoundland when they were ordered 
on December 7 to return to the Pacific 
Coast to forestall the possibility of 
Japanese invasion, and later they were 
again on their way to Newfoundland, 
Iceland and England. 

We cannot wait for winterization, we 
t have equipment, as we have to- 
day in a good many applications, which 
has to be particularly lubricated, par- 
ticul rly heated or changed (tires, hy- 
drav'ic systems, lubricants, hoses) for 
Aret.c operations and then have the 
aire: .ft ordered down to the Panama 
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.Now Available. 


for Peace Time Application 
TELEVISO Series 200A VT Voltmeter 


TELEVISO, pioneering in the production of measuring appa- 
ratus for the SONIC to UHF SPECTRUM, has specialized in build- 
ing dependable Vacuum Tube Voltmeters. 


A necessity wherever dependable voltage measurements within 
the range of 7 cps to 500 megacycles are required—the Televiso 
Series 200A VT Voltmeter is highly accurate and stable. 


FEATURES: 


SUPERSENSITIVE RANGE—the lowest readable voltage is .05 volrs on a maximum 
scale range of .5 volt. 


FIVE VOLTAGE RANGES—.5, 2, 15, 50, 150—spread full scale on a 414” meter 
dial for easy reading. Accuracy of readings are 2% full scale; middle scale accu- 
racy is 5% or better. 


PROBE CONSTRUCTION—detachable probe to eliminate cable wear; easily dis- 
mantled for tube replacement or for soldering to tube terminals for measurements in 
the 250-500 MC region; flat 14” wide brass terminals connect to input to make easy 
soldering to test or work piece; for low frequency work up to 100 MC, removable 
banana plugs are spaced 34” center to center for use with standard jacks. 


MECHANICAL CONSTRUCTION—of aluminum throughout; panel and cabinet 
are 14” thick (cabinet is dural.) ; sub-chassis is 4” and spaced off the panel by studs 
to simplify servicing; all components are fastened to sub-chassis. 


ELECTRICAL CONSTRUCTION AND CIRCUIT—Series 200A utilizes the finest 
components throughout and carries a two year guarantee. The circuit is a stable 
plate circuit rectifier. No diode input tube is used. The plate circuit rectifier type 
makes available higher input impedance at all frequencies. No shortening of input 
probe is required for zero adjustments. All zero adjustments are made once and 
remain constant. A panel adjuster is available to make the unit usable without heat- 
ing up time. All filament and plate voltages are transformer and tube regulated. 
BUILT-IN CALIBRATION VOLTAGE—AIl units have a jack which produces a 
constant 6.3 volts for standardizing. This is the regulated filament voltage. The 
sensitivity can be adjusted without tools in the event tubes are replaced in the field 
The Series 200A will operate satisfactorily from any source of voltage from 95 to 
130 volts ac. Line voltage surges are not observable during use. 


SIZE 14”H x 9!4”W x 714”D. Guaranteed 2 years. Price $170.00 F.O.B. Chicago. 


TELEVISO 
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For Extremely Close 
Temperature Control 


Visual-Stats 


@ Sensitivity of a hundredth of a degree 
is easily attainable. @ Top of mercury 
column visible at control point (where 
most important) because electrodes ter- 
minate at back of tube. No encircling 
metal bands! @ Available in angle form 
(illustrated) or conventional straight form. 
@ Send for brief, attractive bulletin. 


The Philadelphia Thermometer Co. 
Sixth & Cayuga Sts. “i Philadelphia 


Oldest Thermometer Manufacturer 
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Canal and go through a dewinteriza- 
tion depot before it can fly in the 
tropics. Therefore, we are looking for 
materials which will perform satis- 
factorily throughout all that range, in 
all climates. 

Again, when we make compromises, 
as we have in this war, where we re- 
quire that our equipment have heat be- 
fore they function and they are still 
operated in those ranges, then it re- 
quires three hours from the time you 
go out to the aircraft until you are 
able to fly it off the ground — those 
three hours being consumed in heating, 
ground heating, in getting your engine 
warm, and in turning it over a suf- 
ficient length of time to vaporize the 
gasoline which has been introduced 
into the oil to prevent it from con- 
gealing. 

Our instruments have done very well. 
Our tachometers, say, on standard 
Army aircraft, and Navy aircraft as 
well, have an accuracy throughout the 
range from 160 degrees F. to minus 
65 degrees F., today and for the last 
three years, of one-third of one per- 
cent. That is finer than our laboratory 
electrical measuring instruments, which 
run between a half and two percent. 

The general idea back of some of 
those problems I gave you was to ac- 
complish the quick transportation of 
our armies to any part of the world, 
from Alaska to Panama, depending on 
the requirements and the circumstances. 

PROFESSOR WILLIAMS (Carnegie 
Tech): I should like to address this 
question to Dr. Powers. What are the 
prospects, under the present point sys- 
tem, of getting back very many of 
our students of scientific subjects, and 
what steps could we take as individuals 
or as a scientific society to accelerate 
the return of those men? 

Dr. POWERS: That is a hard one. The 
chief difficulty derives from the fact 
that our younger scientists were de- 
ferred at first, so they were the last 
ones to go into the military services 
when they cancelled deferments late in 
the war. They will, therefore, be the 
last ones to get out. That means it will 
be a year or two from now before they 
come out in large numbers. In the 
meantime, they are still going in. 

Now what we can do about that is 
the hardest part of the question. There 
is a bill before Congress right now pro- 
posing to authorize the release of 
scientists from active military service 
and the deferment of those not already 
drafted. One answer is to support that 
bill. The indications which I am able 
to pick up in Washington are that it is 
not very promising. Therefore, the only 
recommendation I can make is to ap- 
proach the problem in other ways as 
well as to support that bill in whatever 
way possible. 

Mr. FERGUSON (Chicago Section, 
I.S.A.): I should like to address a 
comment to Commander Hibbard, on 
his paper, “Human Engineering and 
Instruments,” which I hope will be of 


interest to this Conferenc: 
ployed by a gas company. 

ago our company decided th 

be desirable to change the d 
gas meters. Most of you a: 
with the old type dial consist; 
or six little rings with point: 
though it costs us about two a) 
times as much to put in the 
dial which reads like a spee 
it has saved time in reading, a 
saving in manpower, the small 
ber of mistakes and the enhanc 
tomer good-will, more than pa 
it in a couple of years. 

This is an example of the poini the 
Commander Hibbard brought out aboy 
instruments having to be of 
design that the messages they want t 
give can be readily assimilated by who. 
ever is using them. 

COMMANDER HIBBARD: That is e. 
tremely interesting. I was sorry that 
I couldn’t bring in examples of power 
and heating problems in industry an 
in homes. I have often noticed the jp. 
strumentation in apartment houses: 
the architects put them in, but the 
architects are not instrument engineers, 
It is a simple case—and a very prev- 
alent one — of instrumentation that 
could stand a great amount of human 
engineering. Your comment was very 
much to the point. 

CHAIRMAN P1GOTT: A further confir. 
mation of the eye desiring a pattem 
rather than to read the number from 
a dial is shown in just exactly what the 
gas companies do. If the meterman 
can’t get into your house to read the 
meter he sends you a card and asks 
you to indicate the position of the dials 
on the card; he doesn’t even figure 
you are intelligent enough to read the 
numbers. And the strange thing is that 
he is right: the average person cannot 
read a gas meter, he will miss par 
ticularly if, say, a pointer is half-waj 
between 8 and 9. If a man sees the 
position of a pointer on a dial, that is 
one thing, but reading a number from 
the position is difficult to do in a hurry 

Mr. FERGUSON: And you have see! 
some of these electric clocks which it: 
stead of hands have a dial 
“1:33,” and even if the numbers a 
smaller and in the background, I think 
they are more legible. 

CHAIRMAN PiGcoTT: One _ thing 
would like to draw to the attention 
everybody, especially those dealing with 
things on the human side, such as Dr. 
Gerard’s and Dr. Power’s pape 
that we are going to have to be very 
careful in giving technical training to 4 
man, whether a scientist or a physics! 
or that lower grade of man, an él 
gineer, to inculcate that faculty « 
ception. You sometime have to go ‘rom 
old instruments to new, and unles» yo! 
inculeate the faculty of imagin 02 
our inventions won’t be made fas 
enough. 

Mr. Sperry (President, I. §S 
When Commander Hibbard and 
Callahan were talking, one © 
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me ve ners reports about secrecy: How Standar i | fixe j res or 
uldll are going to develop atomic power . 100.000 ohms. - 
oul and cep ahead? I don’t refer to the ae ee c 
lial Arm . Services specifically and I rea- Stan pales acs ® — 
fivell Jize vat it was necessary during the Fy glee acer eee a 
te vel war, out there seems to be a tendency Pa a ees Ma taney 
al halfl™ to tinue restricting research and rae id Ge ea 
1€ t. e off this »ay prevent us from achieving the cae hays oes ee 
1als na mountings, 
eed eter MM yesu’.s that these three gentlemen feel ss 
Zz, ad the we orght to develop. 
alle: nun CrAIRMAN PiGotTt: Does anyone | 
ance. cus have an answer to that? 
Part for Miron CALLAHAN: There is this | 
week a fair out at Wright Field to | 
Point that which you are all invited, which has | 
OUt about taken the course of action desired by 
of such 4 Mr. Sperry, inasmuch as you find jet 
‘Y Want to engined planes performing on the field 
-d by wh and the latest of aircraft (the P-83 
that was delivered by Republic Avia- 
iat is exf™ tion on the opening day) is there for 
sorry that your inspection. 
| of powerfM I think the general policy of the 
ustry andi Army Air Forces now will be much as 
ed the inf it was before the war, which was very | 
t houses: free. They were very careful before 
» but the they classified anything as secret. I | 
engineers, think it began last week with this fair 
very prev-MM™ that is now going on at Wright Field. 
ation that While there is no advertising, it is an 
of humanf™ attempt to present the actual develop- 
Was veri ments by the Army Air Forces, ac- 
complished by you, universities and by 
her confi. industry, and it is quite up to date. I 
a pattem can assure you that you will be 
aber fromm astounded at the type of items that 

















































> what them have been publicized. 
meterman CHAIRMAN PiGgott: Of course, dur- 
read thf ing the war the necessity for secrecy 
and as was obvious, but I think we should 
’ the dials all remind ourselves of one thing: 
en figu There is no such thing as permanent 
. read the secrecy in any subject. The only ad- | “ 
ng is that vantage you get from secrecy is a mod- 
on cannot erate length of time; and as a rule 
miss pal that is the only advantage. But it can 
half-wayf™ be overdone, and I can illustrate. Dur- 
sees the ing the last war Bridgeport Brass, for : 
il, that if which I worked, was the first to con- : 
iber fromf vert from the old pit method. I was 
1 a hurry aiding in the melting of a million and 
1ave seel—® a half pounds of brass, which was very bia , F ‘ marae? 
which in-@ fine, but I made the mistake of taking Yes, it's a Greenohm — not just ee ee ee sapien, = otee- 
reading a group through there, and when I was another power resistor. danny electrical and wareenene silt 
ibers ar called on it I said, “That is all right, And that means a lot to you and ment. bgt = sgn hone m0 
1, I think all you have to do is hire a workman Vie hese lL ee 
and you will know it,” which was done, , , Greenohms are proving that they 
pe : s onger-lasting, absolutely depend- “an take it’—and then some. No 
thine but you can’t get our experience on shin ‘eitnaes witilaien : 
ention offm 1” You can’t hold the secret for more » é tougher resisiors are made. 
ling with than six months to a year. We know Greenohms are those green-colored fry a Greenohm! Make your own 
‘h as Dr that on the atomic bomb. You can’t cement-coated power resistors fea- comparative tests. Then draw your 
ape keep that information secret forever. tured in the finest transmitters and own conclusions once and for all 
be very Dr. Powers: Another comment I 
ning toa might make on that factor of secrecy % Ask our local jobber for Greenohms and other Clarostat products—resistors 
phy icist ls that there are five bills before Con- controls and resistance devices for all purposes. Or wrife us direct 
, an en @ gress right now whose general purpose 
ty of reff is to promote scientific research and 
go ‘rom™ development in every way possible. It ; 
nies: youm seems pretty clear from the hearings . i ae Fe 
igin tion thus far, within the last week, that a - 
ude fast Some such bill is going to be passed, and LT 
Whether it is the May bill, the Ful- i. : 
S. AJ: § bricht bill, the Kilgore bill, the Magnu- 
d ‘ajorff son bill or the Byrd bill. The discussion fy S CLAROSTAT MFG. CO., Inc. - 285-7 N. Gt St., Brooklyn, N.Y. 





has gotten to the point of not, “Shall 
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we have such a bill?” but, “What shall 
be in it?” 

And in at least three of the bills, 
there is provision for the dissemina- 
tion of information to do the jobs for 
which the bills are primarily designed, 
that is, scientific research in as big a 
way as possible throughout the country, 
with the allocation of funds for that 
purpose. I don’t know whether these 
provisions are going to be passed, but 
it looks hopeful, I think. 

Mr. SPeRRY: I have read about those 
bills; and there is one other discus- 
sion I have noticed in the newspapers. 
In the extreme case one bill mentioned 
a penalty for a scientist discussing 
some of the things if they were still 
classified. I saw even a fantastic 
figure of a $100,000 or $200,000 fine. 
I think they flatter the scientists! 

Also in regard to your comment, 
Major Callahan, I do know that the 
Army and Navy Air Forces are expos- 
ing much of the work that has been 
done during the war, but there is still 
this thought, even in these bills, of pro- 
viding some sort of a super-super com- 
mittee that can make it a jail offense 
for somebody to talk about research. 
Frankly, I don’t think that is even 
physically possible. 

COMMANDER HIBBARD: I would like 
to make a short answer to that. The 
problem from within the military 
circles is a very difficult one, and some- 
times from outside it seems very stuffy. 
On the other hand, I think it is only in 
public discussions that you find that to 
be the case. If somebody comes in with 
an idea on instruments, for instance, 
say as a result of suggested problems 
such as Major Callahan has listed to- 
day, you will find that the Army or 
Navy will open up completely to those 
technical men and give them all the 
benefits of all the work that has been 
done along that line. The secrets are 
more or less secret from the public 
but not from the technical men in- 
volved, once they get working on a 
problem. 

One of the most naive problems that 
came up, I think, so far as the Navy 
was concerned, was how to build little 
model ships of the Navy so that people 
could learn to recognize them. That 
was one of our problems at the very 
start of the war. We could get the 
plans of most of the ships of ail the 
navies except the U. S. Navy and, 
frankly, we never did solve that prob- 
lem in the Navy until one of the manu- 
facturers came down and said, “I 
won’t need any plans, if you will let me 


stand on Brooklyn Bridge.” That solved © 


the problem. 

Mr. YOUNG (Westinghouse): I want 
to make a couple of observations, al- 
though the discussion got ahead of 
me. On the subject under discussion, I 
could write a book about the difficulties 
of getting into and out of the Navy 
Building with a brief-case, but I have 
never found any difficulty in getting in- 
formation on anything after I got in 
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there, and that applies to the Army, 
too: it is surprising how they open 
up to you. That has been my personal 
experience. 

I wanted to mention that I didn’t 
think Major Callahan’s requests or the 
things that he predicted for the future 
were at all too ambitious, and I par- 
ticularly wanted to mention to Com- 
mander Hibbard that, please God, prop- 
agandize this talk of yours to the 
Armed Services, about simplicity, par- 
ticularly against trying to put four or 
five pointers on one instrument. My 
business is instruments, and I have 
been having an awful time trying to 
not allow five pointers to get on them. 


PROFESSOR BROWN (M.I.T.): I would 
like to add my two cents’ worth on 
these remarks about security, because 
I have been troubled by it during the 
war. I admit that you can go to Army 
and Navy buildings and be told a lot, 
but then there never is any clear state- 
ment of what you may do with that 
information once you receive it. I think 
we should clarify in our minds the dis- 
tinction between Wright Field letting 
the public come in and see that we 
have jet-propelled airplanes and all 
kinds of automatically-operated tur- 
rets; and the other problem, which is 
that of letting the scientist or the en- 
gineer examine these things and work 
up a rigorous technical story that is 
coherent, use the information in his 
professional work and appear freely 
before his professional societies to give 
a talk on the basic principles. 


I am not for a moment interested in 
an announcement that radar worked 
on HE-X, on lower M, or anything 
else —the enemy probably knew that 
within five minutes of the first gadget 
being used — but the technical brains 
of this country still have a great deal 
to learn about these things and it re- 
quires clarification on the extent to 
which technical knowledge is dissem- 
inated, as opposed to the mere state- 


ment of fact that radar was u 
I think, is the greater prol 
cerning security. 

CHAIRMAN PiGottT: I woul 
like to come to the assistanc 
Army and Navy, if they nee 
saying that certainly we had 
restrictions, perhaps at times ri 
restrictions, but remember that 
a time when you were going int 
organization with a lot of young 
perhaps irresponsible younger m:« 
you had to be careful. Rememb« 
that it was perhaps as difficult 
into Wright Aeronautical as to gx 
Wright Field. We know this, that 
larger organizations the Army 
Navy put everything on the tab! 
those cases they were allowed sp-cia| 
liberties by higher officers, because the 
people along the -table were hig) 
enough and you knew they had enough 
judgment to properly use that infor. 
mation. Remember that you had green 
men and it was a question of how 
much liberty you could give them 
When you got to the right people it 
wasn’t so bad. 

PROFESSOR POLLARD (University of 
Tennessee) : I would like to make a few 
more comments on this security prob- 
lem, not so much with respect to the 
maiter of security as it has been func- 
tioning during the war, but with re 
spect to the problem of normal univer- 
sity research in the future which is not 
specifically directed to military ends. 
Take for example the field of nuclear 
physics. I think there is a very real 
danger that we sterilize future research 
in such a field through security restric- 
tions. The individual investigator will 
never know to what extent he is vio- 
lating such restrictions by using knowl- 
edge which he perhaps gained during 
the war while doing secret work when 
he continues with research not directly 
connected with that former work but 
in the general field. It is simply not 
feasible to apply secrecy restrictions 
to fundamental research. 


That, 


' ¢on- 


PROCEEDINGS OF DISCUSSION PERIOD, 


TUESDAY AFTERNOON SESSION, OCT. 16. 


(Discussions of papers by Dr. Allen, Dr. Worthing, Dr. P 
lard, Mr. Webb and Mr. Ferguson. 


CHAIRMAN McCaABE: We will now 
open discussion of the five papers pre- 
sented this afternoon. I suggest that 
we take first the papers by Drs. Allen 
and Worthing, since those papers fall 
into one group, whereas the last three 
papers deal with various! phases of the 
educational program. 

I call for discussion now on either 
Dr. Allen’s paper or Dr. Worthing’s 
paper. 

Mr. FAIRCHILD: I notice that Dr. 
Allen didn’t say anything about auto- 
matic control, although this is an in- 
strumentation conference. It would 
seem that the physicists working on 
the atomic bomb work didn’t know 


about automatic cor.trol as we know 
It is very evident from the literature 


that the physicists had the problem of 


how they were going to work with 
material without losing their lives, s 


we hear about the chain reaction «nd 


prevention of temperature rise to } 
vent explosion, and I noticed that 
published papers didn’t bring out 
interesting aspects to the instrun 
engineer. Then Dr. Allen spok« 
maintaining the chain reaction w 
the average number of neutrons 

erated per neutron was greater 

unity. It is very apparent with a 
ment’s thought that if all the neu’ 
generated above unity were fast, 
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be an instantaneous explosion 
that ald not be controlled. The speak- 
, not bring out the fact that the 
they could use the pile in which 
iin reaction was possible with- 
losion was due to the fact that 


out 

a go . many of the neutrons were slow 
neut ns and were not given off instan- 
tane isly but after a second or per- 
haps juite a few seconds. 

C; \IRMAN McCABE: Those points 
can’t be answered just now, but Dr. 
Wor ving is here. Are there any points 
of di-cussion or questions to be directed 


to D. Worthing? . . . I might discuss 
his paper myself. His talk certainly 
struc. a responsive chord. In my work 
in ovtlining these concepts to young 
engincers, I long have been sick of 
hearing students trying to tell me that 
temperature and heat both were the 
kinetic energy of molecules, for, as a 
matter of fact, when we measure tem- 
perature or heat we usually do so with- 
out worrying about whether there are 
molecules or not. I am thoroughly con- 
vinced that in basing the two concepts 
on the first and second laws of thermo- 
dynamics as Dr. Worthing has done, 
we have the only method of really 
teaching technical students that I have 
struck so far. 

Let’s turn now to the last three pa- 
pers, by Dr. Pollard and Messrs. Webb 
and Ferguson. 


PROFESSOR SCHOENBERN (University 


| of Delaware) : I would like to comment 
| briefly on the talks of Mr. Webb and 


Mr. Ferguson. I believe the general 
ideas as given are very commendable. 
However, in view of the already over- 
loaded curricula in engineering schools 
and the general trend to include more 
and more of the humanities in our 
program, I am wondering how it is 
going to be possible to include more 
and more special courses in the under- 
graduate program. 


Wouldn’t it be better to have some 
elective courses, or even a fifth year 
for those men interested in instrumen- 
tation? Or, even better, have an exten- 
sion course which students in the uni- 
versity can attend and also open to 
men in industry. For the last five or 


F six years in Wilmington we have been 


giving extension courses to men in the 
area, and also in the Philadelphia area, 
and they have been quite successful. 
I am sure such courses will go over. 


CHAIRMAN McCaBE: Mr. Webb, have 
you any comment on that question? 


Mr. WEBB: I have more or less fore- 
see) this same thing, as I stated in the 
forepart of my talk that I didn’t under- 
staid how you could put these courses 
In your present curricula. But I would 
ike to say now that it wasn’t my idea 
that such a course as I was suggesting 
Was for the purpose of training the 


ma: for instrument work with a large 
cornoration. What I have in the back- 
ground is this: I have had quite a few 
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Burlington Panel Instruments are designed and built to give 
dependable service with guaranteed accuracy. They are 
available in a complete line of AC or DC Ammeters, Volt- 
meters, Milliammeters, and Microammeters. The wide selection 
of sizes and case styles offer instruments that are ideal for 
your particular application. 

Write today for full details — our engineers will recom- 
mend the precision Burlington Instruments required to solve 
your instrument problems. 


BURLINGTON INSTRUMENT CO. 


204 Fourth St., BURLINGTON, IOWA 
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A complete, 
24 page 
Illustrated 
Manual 


PERTBRAER 4 
ATLAS 


m/e J ndusbuy 4 


This unusual Arnold manual on permanent magnets is the product of 
many months of careful research and planning. 

It is devoted entirely to the consideration of the factors affecting 
the design, fabrication and application of Ainico permanent magnets. 
Written entirely by Arnold engineers, its purpose is to help engineers 
in industry to better utilize the magnetic and physical characteristics 
of the Alnico alloys in arriving at efficient design. 

Write today, on your letterhead, for your free copy. 


THE ARNOLD FINGINEERING (‘OMPANY 
so Mics sc Bee Wis essa Audie oi asiebie alaebeni 
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about instrumentation. They 
how to put on a pressure g: 
young men I have had b 
graduate chemical engineers 
understand at first the sin 
$1.50 regulator used in the i) 
and couldn’t understand the 
it or understand their workin; 
things are disconcerting. 

That is what I want to stress 
these boys so when they walk 
plant they can use these instr 
that are so important to their 
in all fields, chemical engineerin 
chanical engineering and so on. 

Mr. PELLETTERE (Gulf Oil Co 
the after-school work of a so 
chemical engineer, he is called uy 
design and lay out plants; and i 
final analysis his plant works only a; 
good as the instruments that go with 
the plant, and his education must not 
stop at that point where he has not 
learned that there is instrumentation, 
It is not often that a graduate after 
leaving school falls into an organiza. 
tion where he has help in instrumen- 
tation; and it is all too often that the 
plant is laid out along chemical engi- 
neering lines and then is turned over 
to a draftsman for instrumentation 
You wouldn’t build your home and tun 
the plumbing over to the garbage de- 
partment. 

CHAIRMAN MCCABE: We are ap- 
proaching the central theme of this 
Conference, recognizing on our part 
that there is a job to be done, recog- 
nizing also the crowded schedules of 
teachers and others, which we will take 
up in the next two days. But this 
brings out exactly what we must have 
in mind in this Conference, and per- 
haps we will arrive at some tentative 
conclusions on how the job can be done 

We are glad to hear these discus- 
sions, we hope there will be more i! 
the next two days. Don’t pull your 
punches. We want to get all the sug- 
gestions that this group can give us. 

Mr. CAMPBELL (M.I.T.): [To Mr 
Pellettere of Gulf Oil] If you had a 
man of these capacities you have just 
talked about, would you pay him $10, 
000 a year? 

Mr. BoOLceRzAK (Pittsburgh Coke & 
Chemical Co.): I would like to giv 
support to Mr. Ferguson’s suggestio! 
for increasing the ability of mer 


industry to use instruments and main- 


tain them. I don’t think I am pecu 


in my position. I maintain instruments 


at the Pittsburgh Coke & Chemica! 
I feel the lack of instruction on 


electronic developments, something sim- 


ple that will help me in a logical 
to test electronic equipment. I w 
also like some refresher courses 
say, flow measurement calculatio1 
calculation of orifices and of sin 
flowmeter devices. 

I wonder if the best way wou 
be to have these courses at the \ 
end when plants are down to a 
day week; or you might have su! 
school courses where a man ma 
tend school as part of his vacati 
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MAN McCaBE: I believe those 
mm ts fall in with Mr. Ferguson’s , 
talk. Ferguson, would you com- 
ment these suggestions? 

“Mr. FERGUSON: I am glad several 
other ventlemen say the same thing 
as we do. I don’t think we should 





ever 


bette 


evenings of his vacation. 


wn on a man because he is a 
ance man. He is a necessity; 
ndustry must have him. The 
the maintenance this man can 


prov the better for the industry. 
If the universities don’t feel they can 
stoop such a low level as to help 
them out, somebody else will. But 
mevertueless, we want to have the edu- 
ational ability of the universities in 
helping us instruct these men. 

Dr. Mouzon (Brown Instrument 
o.): There are a couple of comments 
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] would like to make. First in conjunc- 
tion with Dr. Pollard’s talk relative 
to obtaining instruments which are 
surplus for colleges. One thought that 
might be worth looking into is that 
here are Many university men at the 
present time in government labora- 
ories. It conceivably might be possible 

0 work out some set-up where these 
men could be of great value in con- 
ection with seeing that the universi- 
ies get the kind of instruments they 
ant, in seeing that the instruments 
are as they should be. I personally 
know of a great deal of equipment 
which the Navy has which could very 
easily be surveyed most any time and 
obody would know the difference, but 
it is very likely to be sitting right 
there by the time the next war comes 
along, just as a warehouse full of tires 
was sitting in the Navy Yard when 
his war started. 

But it may be possible to work out 
something with the university men 
who are in government laboratories, 
perhaps no authority could be given 
to those people to release instruments 
ut maybe they might be of value in 
hat connection. They certainly know 
vhat is available and they know what 
the universities want. 

The other comment I would like to 
make is in conjunction with the talk 
of Mr. Ferguson. The instrument com- 
panies, a number of them, have already 
made a start toward the solution of 
the problem of the short courses which 
he mentioned. Instrument companies, 
several of them, welcome representa- 
tives from various industrial organi- 
zations to come in to the schools which 
they are running at the present time 
and learn installation, operation, main- 
tenance and a certain amount of theory 
relative to those instruments. It might 
be possible by sending one representa- 
tive from one company to let him come 
back and teach the fellows who require 
that knowledge. I personally think the 
university is not the place to teach 
maintenance. 

CHAIRMAN McCase: Dr. Pollard, 
have you any comments? 

Dr. PoLLARD: That was an excellent 
sugeestion of one way the universities 
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STANCOR Transformers in a wide variety of sizes and 
types—or get them built to your exact specifications— 


in any reasonable quantity, within reasonable time. 


STANCOR Transformers, Reactors and Electronic 
Equipment made outstanding performance records 
all over the world—often under most adverse operat- 
ing and climatic conditions. They are the best that 
science, skill and modern precision equipment are pro- 
ducing today. So get “quotes” from STANCOR first 
and specify STANCOR where performance counts. 
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Check the Quality Features 


of the Drake No. 500 Series 


Time tested—Millions have been used since March 


1940! 
Available in any quantity with amy type of bracket. 


Sturdy Bakelite Molded insulating casting shields 
socket from outside contact. 


Center contact lead wire mechanically secured 
before soldering. 


Both lead wires withstand over 25 Ibs. tension. 


Rounded eyelet edges prevent cut or frayed lead 
wire insulation. 


1000 volts minimum breakdown voltage between 
contacts and to ground. 


Casting mechanically secured to bracket — can’t 
turn. 


Socket mechanically secured within casting— 
can’t turn or be pulled out. 


Center contact secured within socket—contact : 
won't protrude when lamp removed. THE NO. 527F TYPE 


Consider this better underwriters’ approved DRAKE dial 
light assembly for your production requirements. Lead 
wire 2% in. to 4 ft. Prompt shipment in any quantity 
assured. May we send samples of our newest catalog? 


SOCKET AND JEWEL LIGHT ASSEMBLIES 


DRAKE MANUFACTURING CO. 


1713 WEST HUBBARD ST., CHICAGO 22, U.S.A. 
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might find out what is a 
their men who are on lea) 
to them. However, I am a 


' most of the instruments in o 


laboratories will not go int 
property. At least I know 
which are likely to do so. 
those that will appear in surp 
erty are those of emergency wa 
that are now being dismantled 
be dismantled and it is difficul: 
any information about them. 

Dr. MOUZON: It is my inform: 
correct me if I am wrong—th: 
ernment laboratories are re 
rather complete lists of surplus 
rial that is available, and it is a 
understanding that if they wait 
of something they get 25 or a car 

A MEMBER: I belong to a 
large Naval research organization 
self, and I don’t know how to ge 
instruments these gentlemen ar 
ing about. You have these lists and yo 
call for them and you don’t seem to be 
able to get them. I heard that the big 
research organization at M.I. T. is be 
ing disbanded soon and we were going 
to get our fingers in on the kill anj 
get the instruments, but we haven't 
been able to do so. If these gentlemen 
know how to get them they know more 
than I do. 

Now as to undergraduate courses, 
What are these courses for? How man 
people are we going to try to please in 
these undergraduate courses? In ny 
class we had casualties I think of some 
90%, and if we have these fine instr- 


| ment courses we will have casualties of 
| 99%. I have seen men that wanted the 
| fundamentals that they needed, me 


with wives and children who wanted t 


| learn what they have to know. I be 
| lieve the undergraduate’s work shoul 


be devoted to fundamentals and if 
mathematician wants to write a mathe 


| matical paper we will try to go along 
| with him. But let us have men wh 

| can write these textbooks for under 
| graduate work in such a way tha 

| mathematics is woven in as examples 
| of problems and not take the time 
| problems as problems, as in the cu: 


tural courses. I say if you are going 
give the undergraduate anything out 


| side of what he has to have in funda 


mentals, give him culture. 
CHAIRMAN McCaBeE: I think there 
one point on the surplus propert) 


| problem, one difficulty that has nd 


been mentioned; namely, that th« 


| tractor has first whack. When wv 
| for surplus property we get an a 


something like this: “Well, yes, 
is a fair chance of your getting 
cess equipment and a fair chai 
getting some shop equipment, a 
fact, there is a fair chance of you 


| ting almost anything, provided it 


instruments.” I would suggest to 
that do come in contact with thes 
pluses: keep your eyes open for 
that seem to be in sound co! 
then get in touch with the neares 
nical school and tip them off. 
Mr. SAUNDERS (Wheelco Inst 
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sg bal Pro: SSR BICEK (Illinois Inst. of 
1s Meech. I would like to second the 
ag a statem-nts on fundamental education 
atic 7 rather than specialized instrumenta- 
i aa tion courses, and address a question to 
~<a talk Mr. F erguson. As a member of a 
and. |echemical faculty I think in terms of 
a potentiometers and spectroscopes and 
at the bi simila instruments, It seems that the 
.T. is be trend of the discussion has been the 
ere goings” ement of pressures, tempera- 
kill ee tures and flows. Since I am trying to 
e havent find < it what courses are desired, I 
ventlemen would like to ask whether the courses 
any snail lesired really do relate to such routine 
“BBengineering applications only. If that is 
auc, tne color of the Conference, am I wrong | 
oe in thinking that instrumentation ap- | 
tee “Mplies also to electronic equipment, spec- 
4 i a trographs, refractometers and things 
a of aia like that? 
” cial [can understand Mr. Ferguson's ref- 
ualties om crence to specialized courses in indus- 
anted tha =<)? but it seems hopeless to talk about 
Jed. meg 28trumentation in college as a single 
wanted tq course covering mechanical, electrical 
ww. | ee chemical engineering, physics and 
i chell chemistry. I wonder if such a course 
ad ad wouldn’t be a hopeless thing unless 
or considered for a specific department 
go along and based largely on fundamentals, 
men wh [ want to know whether Mr. Fergu- 
r under 52 was really thinking in terms of 
ray tha temperature, pressure and flow, or 
examples oe all instruments are being con- 
. siered, 
a Mr. Hanson (Du Pont): I think 
going tie “hat I can answer that question in part 
ing outl by an illustration. About six years ago, 
n fundafe | attempted to hire a graduate chemist 
who had taken college- physics with 
there iq *lectives in electronics and engineering 
property ° develop special instruments. I found 
nn al that the simple question, “What is the 
an oul difference between a voltmeter and an 
we asia “™meter?” was enough to eliminate 
answer Unety percent of the candidates. I also 
. herr found that students who majored in 
ing pro physics or engineering had the best 
ance i 2¢kground for instrument develop- 
and ing Ment work, 
our gel While the emphasis of the papers 
it isnt 2PPcars to favor the few who might 
to hose C°CO™Me instrument engineers, there are 
— other ways in which the same benefits 
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may interest this conference 
to ki that there is a committee 


f the instrument manufactur- 
in turn are working closely 


elsewhere, trying to set up a 


ents in order that you may get 
the vr. ot kind of identification when 
vou ; over the list, to make it pos- 
Eble have them place drafts in the 
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coull be realized for larger groups 
Without the addition of such courses. If 
mo instruments were available in 
coll: ge laboratories and students were 
ene uraged to use them in their experi- 
melts, a@ greater number of students 











worki . under the Sciéntific Apparatus | 
turers’ Association, composed | 


disposal agencies in Washing- | 
x the disposal of instruments | 


' ablish the mechanics, after | 
rope classification and coding of the | 

















\ Here’s important news for users of rectifier 

\ type instruments. Conant has done it again! 
This new instrument rectifier application 

\ makes possible for the first time complete 


CE ol 


freedom from temperature errors. AC values 





You’ll be am 





\ 
\ 
} 
4 
| | are read on the same linear scale as DC values. 


Send 









es 


Snitiument Rectifiers 


ELECTRICAL LABORATORIES 


6500 0 STREET, LINCOLN 5, NEBRASKA, U.S. A. 



















20 Vesey St., New York 7, New York 2017 Grand Ave., Kansas City 8, Mo. 1526 Ivy St. Denver, Colo 


85 E. Gay St., Columbus, Ohio 1212 Comp St., Dalles 2, Texas 421 4 Country Club Dr. Long Beach7, Col. 
600 S. Michigan Ave., Chicago 5, lil. 378 Boulevard N. E., Atlontc, Go. Export Div., 89 Brood St. N.Y. 4, N.Y. 
1215 Harmon Pl, Minnecpolis 3, Minn. 4018 Greer Ave., St. Lovis, Mo. 50 Yormovth Rd., Toronto, Concda 








November 1945—Instruments—Page 817 

































































TENSILE STRENGTH 


TESTERS 


for 


PAPER 
CORDAGE 
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High precision OPTICAL PARTS 
for Research, Development 
or Production. 
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Mirrors. 
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components for your 
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would develop an understanding of how 
they work and what they can do. 

This will not only be of value to the 
few who will become instrument en- 
gineers but will also be of greater 
value to process and development en- 
gineers who are concerned only with 
the performance of instruments as it 
affects the yield and quality of their 
products. It would give them more as- 
surance that they could present their 
instrument problems intelligently to a 
qualified instrument engineer. 

Mr. IRWIN (Mason-Neilan Co.): I 
don’t know what the ultimate conclu- 
sion of the Conference will be, but I 
have a suspicion that the undergrad- 
uate curriculum will not permit courses 
in instrument engineering. I think it 
would be a good point to underline the 
statement that if you teach your under- 
graduate students the fundamentals of 
flow you have a pretty basic subject in 
Instrumentation, whether you are in 
process temperature, flow or pressure, 
because pretty well all those jobs go 
back to fluid flow. So if you teach your 
undergraduate fundamentals he can get 
these details later on in these supple- 
mentary courses such as Mr. Ferguson 
spoke about. 

Mr. UNDERWOOD (Indianapolis Power 
& Light Co.): Purdue has set up at 
Indianapolis courses on the college 
level. I think they give an engineer a 
certificate which carries no college 
credit. I know that they will offer any 
course requested if there are enough 
in the group that wants it. Some of 
their teachers are on the Purdue 
faculty and others come directly from 
industries in Indianapolis. 


PROFESSOR BISHOP (Uni 
Pittsburgh): My conception 
that too many of us don’t k: 
our graduates will be doing 
Ralph Webb’s talk is very go 
these boys get out of school t! 
know what they are going to | 
to do. They may be asked to 
instruments, but if you have 
year and call it an Instrum: 
course, how are they going t 
whether they will need it? Very 
them taking that course would 
after they took it. It is like th 
wheel on a wagon, I think. 

CHAIRMAN MCCABE: I would lik 
ask the speakers if they hav 
closing statements to make. 

Mr. FERGUSON: The underlying 
thought was not for the universities t 
develop instrument engineers, but t 
include enough of a course in instry. 
mentation so that when the man goes 
out as a chemical engineer, for ey. 
ample, he would know something about 
the instruments necessary in that typ 
of work. 

One other thought. The Instrument 
Society of America is very appreciative 
of the work that has been done by 
some instrument companies in mainte. 
nance schools. The general idea was to 
try to correlate that. One drawback js 
that the man going to the Brown 
school learns all about Brown instrv- 
ments and nothing else; if he goes ti 
Emco he learns Emco and nothing else. 
I don’t know about the West Virginia 
Short Course but the Oklahoma idea 
was to learn the flow metering pro- 
cedures of a number of different com- 
panies. That would broaden the base. 


PROCEEDINGS OF DISCUSSION PERIOD, 
WEDNESDAY MORNING SESSION, OCT. 17. 


(Discussions of papers by Mr. Young, Mr. Richmond, Mr. Para: 
chini, Colonel Jaeger and Mr. Carpenter.) 


CHAIRMAN MINER: Now we are ready 
for discussion on these five papers. Give 
your name and affiliation and, if your 
discussion is more than a simple ques- 
tion, come up front so that you can use 
the microphone. 

Mr. EwaALp (TVA): Mr. Young and 
Mr. Parachini brought up the point that 
motion pictures might be used in edu- 
cation. Both gave as an example the 
electrical measuring instrument mech- 
anism, but it would appear that the 
most logical use for that method would 
be in the study of automatic-control 
systems in which there is continuous 
motion of mechanical components, or 
continuous changes of local tempera- 
tures. 

Charts and diagrams are very good 
for static systems, but for dynamic sys- 
tems the animated cartoons and pictures 
apparently would be the most satisfac- 
tory. The only example I have seen of 
this method of education was the set 
of three animated graphs made up by 
Major Behar, which he used in his lec- 


ture at the Gibson Island Instrumenta- 
tion Conference to show educators how 
heat flow equations in temperature-cor- 
trol problems can be taught effectively; 
and his animated graphs worked out 
very well in making these equations 
come to life. 

Apparently it is in such mathematics 
that you would have difficulty in stating 
in so many words how a certain system 
would work, particularly with dynamic 
systems, and the motion picture would 
demonstrate what is going on and where 
it is going on. 

CHAIRMAN MINER: Does either Mr. 
Parachini or Mr. Young wish to {is- 
cuss that? 

Mr. PARACHINI: Definitely the 
tion picture is very useful in the «du 
cational process. I think the fact 
schools are establishing film libr 
is proof enough. However, the po 
made is that there are too many mc (0! 
pictures; and if you are trying t° zet 
across a subject that is perha): of 
secondary general interest, the m 10D 
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will not convey that story and 


Mr. YOUNG: I have indicated by my 
lide-film presentation that we 
1e visual method is a good meth- 

irs is not a motion picture, how- 

ever, and of course it might be even 
better aS a motion picture. 

Mr. SPRENKLE (Bailey Meter Co.): I 
would like to ask Mr. Parachini if he 
uses the same scheme in training engi- 
neers in the Weston Company as he 
has outlined this morning for training 
students? 

Mr. PARACHINI: Well, substantially, 
yes, but you must remember that train- 
ing the engineer for our particular job 
is more specialized than discussing the 
use of electrical indicating instruments 
to all fields. Therefore, the written text 
and the lecture activity would be com- 
bined in a highly concentrated fashion 
to do this job. 

Mr. FAIRCHILD (C. J. Tagliabue Co.) : 
I hope Mr. Young and Mr. Parachini 
won’t misunderstand my statement that 
it was rather painful to sit through 
those demonstrations—to use our time 
to look at those films and wall charts— 
and that in my opinion they are more 
suitable for training a bench hand than 
an engineer. 

CHAIRMAN Miner: Is there any come- 
back to that? 

Is there discussion on any of the 
other papers? 

Mr. Prcotr (Gulf Research Corp.) : 
I have one comment on Mr. Richmond’s 
paper. If I understood him correctly, he 
would like to get his engineers trained 
not only as good mechanical engineers 
but as instrument engineers. I want to 




























is not that easy. You find this to be 
true in the training for the pure sci- 
ences. The doctor’s or master’s degree 
is valuable to a physicist, because it 
makes him more useful upon leaving 
college without experience. Perhaps to 
a lesser degree the mechanical engineer 
benefits in the same way, and the in- 
strument engineer benefits very little. 
In the latter case you are not dealing 
with pure science and you cannot do 
without experience. 

_ In our application of technical train- 
ing we have found that it is advisable 
to have our engineering and scientific 
groups in full force, and the best de- 
signing is done by a mechanical engi- 
heer trained as a mechanical engineer, 
and 'f you combine courses it will take 










Se itself thoroughly. 

No the pieture is definitely advan- 
tage and probably the best means of | 
iJjust’ ting a certain specific mecha- 
nism 1d how it works, to a certain spe- 
cific . oup interested in just that one 
thing. 3ut we are more concerned with | 
a ger ral education, because the elec- 
trical indicating instrument is a tool 
for ony people in technological pur- 
suits. Therefore, we aren’t sure that 
the m tion picture is the best means of 
tellinc our story. Of course I would like 
to have your opinions: it may be that 
we ca) realign our judgment. 

CHAIRMAN MINER: Mr. Young? 


warn him that instrument engineering ~ 





CONDENSER TESTER 
Model 650-A 


RANGE—.00001 


Automatic Push Button Controlled—Amaz- 
ing in speed and simplicity of use. Capacity 
readings almost instantaneous! Leakage 
test by just pressing a button. 

The Model 650 is a modern, accurate and 
complete instrument for detecting faulty 
condensers—ELECTROLYTIC, PAPER or MICA. 


Scale is glass enclosed and is equipped 
with SCALE EXPANDER indicating pointer 
—doubles effective scale length. 
Measures all values direct reading in 
Microfarads, 


Ranges 
| to 100 mfd. .001 to .1 mfd. 
.00001 to .001 mfd. 50 to 1000 mfd. 


Measures power factor on direct reading 
dial. Power Factor range calibrated from 
0 to 60%. 


Complete selection of test voltage. 20 
volts to 500 volts. 


Electron ray tube indicates exact balance 
or shows if leakage is present. 


instantaneous leakage indication—No 
guess-work with this modern tester. Has 


BUY WAR BONDS 


to 1,000 mfds. 


built-in amplifier stage which responds to 
slightest leakage, if present. 

Dimensions—8!/.” x 81/." x 6”—Unit 
welded finished in 
Equipped with removable hinged metal lid 


steel, grey morocco. 
and completely equipped with tubes, test 


leads and ready to operate. 











The Jackson ‘‘Service Lab” 
When steel 


standard size Jackson 


again becomes plentiful 





be available conveniently a 


a complete testing unit. 








AND STAMPS TODAY 


JACKSON 


Fine Elechical Testing Instruments 


JACKSON ELECTRICAL 





INSTRUMENT COMPANY, 


DAYTON, OHIO 
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BEAT 
FREQUENGY 
GENERATOR 


Type 140-A 


A dependable 


test instrument 


An accurate signal source capable of supply- 
ing a wide range of frequencies and voltages. 


Frequency Range 20 C.P.S. to 5 MC. 
Output Voltage | my to 32 volts. 


Power Output 1 watt. 


BOONTO 


BOONTON, N. J. 


DESIGNERS 


>ENERATOR 


AND MANUFACTURERS OF THE 


BEAT FREQUENCY 


Q" METER 
GENERATOR 


QX-CHECKER 


ADIO 
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Sell é Gel 
wucti-sPee>—MONO-DRUM_act-ececraie 


CHART - MOVER 


research . . . development work. 
Use one or more MONODRUMS as shown or use any com- 
ponent parts such as the unusual motorized gear drive. Use 


Invaluable for testing .. . 


it for graphic recording . . . for driving timers, impulse 
and sequence controls . . . for any purpose where absolute 
accuracy of motion and power are needed at low cost. Ask 
for special folder. 

DRUM or cylinder is all-aluminum, 6.25” diameter and 
10” tall. Takes charts 10” by 20”. Can be used with low 
cost attachment for endless charts up to eight feet long. 
Drum shaft is 22 inches long and drum may be placed any 
height on it. A rigid inner shaft also supports the drum on 
ballbearings. 

STEEL HOUSING is welded. Protected inside and out 
with baked enamel. It houses motor, drive, indexing and 
gear shifting mechanism. There are two projecting lugs to 
hold 14” diameter vertical rods for instruments or your 
own appliances. 

SYNCHRONOUS MOTOR is heavy duty type, sparkless, 
self-starting and can be stalled indefinitely without damage. 
45 watts, A.C. only (115 volts standard). (A Hi Speed non- 
synchronous motor may be had at the same price, see 
speeds with either motor in attached chart). All-gear drive 
from motor to drum. Only two moving shafts and a hand- 
ful of gears in the entire MONODRUM. 

SPEED CHANGING is accomplished by turning knob. 
Every MONODRUM has 20 geometrical speeds. Each speed 
is 5/8 as fast as the one preceding. Dial on top always 
indicates speed selection in use. 

Lubrication. Motor and all rapidly moving parts operate 
totally submerged in oil. Chrysler oil-less bearings used 
elsewhere. 

Write today for folder on MONODRUM. Ask also for 
booklet ‘‘A Second or a Decade’’ showing other unusual 
apparatus for recording or chart moving. 


Spel] & Gel 


HAWORTH, N. J. 
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$91.00 net. 
f.o.b. factory 


FREQUENCY MODULATED SIGNAL 
AND OTHER DIRECT READING TEST INSTRUMENTS 
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the drum. 


HiSpeed MONO-DRUMS turn one 


speed 


RPM 
11.4 
8.4 
4.42 
2.60 
1.74 
1.08 
0.42 
0.26 
0.16 
0.103 
0.065 
0.040 
0.025 
0.0157 
0.0098 
0.006 
0.0038 
0.0023 


0.0747 0.0015 
0.0467 0.0009 


Synchronous MONO-D 
dead accurate speeds. 
is 17.8 hours 


__MONO-DRUM SPEEDS 


HiSpeed 
Cm/min RPM 


2,000 
1,250 


1.08 


0.634 0.012 
0.398 0.007 
0.251 0.005 
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Slowest speed 
per one revolution of 
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revolution every 3.3 hours at slowest 


not four years but six or s 
of training. We have fow 
must have a strong mechar 
neering department as wel] 
with chemical training, and s 
the arguments between the two 
are extremely beneficial. 

Mr. RICHMOND: I think th 
ments just made are correct 
agree with them. My point was 
more to a direct career in the 
of electronic instruments. In tl 
pany with which I am associated 
have our mechanical engineers j) 
tion to the development engine: 
is quite necessary in the final 
to have the work done by peop! 
have become skilled in what w 
mechanical engineering. 

There is, however—at least 
own experience—a tendency on the par 
of circuit men to hold themselves aloo 
from anything that we might call “prac. 
tical practice” coming out of the circuit 
and they could readily simplify their 
basic or bread-board designs if they 
gave thought to how the circuit mus 
operate. As it is originally thought up, 
a man may be perfectly willing to pu 
one part of his mechanism on the left 
side of an instrument and something 
that has to be operated simultaneous|; 
on the right hand side, and any old 
coupling will do, a chain or anything 
else will do. Whereas if he would give 
some thought to methods that are con- 
mon, the standard linkage, the things 
that he sees when the instrument js 
completed, he makes himself a great 
deal more valuable. 

I would not expect to have a compe- 
tent mechanical engineer incorporated 
in the person of a good, competent re- 
search electronic engineer. The two may 
be wedded, between mechanical and 
power or electrical engineering, but | 
doubt if the span could carry over with- 
out, as you suggest, taking six or more 
years; and the temperaments don’t go 
together too well. 

But I would like to stress the real 
importance of an instrument designer 
in the electronic field, having been ex- 
posed to mechanical engineering prin- 
ciples enough so that he likes it. 

Dr. GORDON (Tennessee Eastman 
Corp.): I would like to endorse Mr. 
Carpenter’s paper for the chemical! i 
dustry. Take out “rubber” and put 
“chemical” and that would be a 
paper for the chemical industry. 
need expert chemical engineers, but 
also need mechanical and chemical 
gineers who know what can be done 
instruments, not instrument engineers 
not men with a doctor’s or master’ 
degree in instrument engineering, but 
what we need is a man who knows what 
instruments can do for him and k1 
how they should be installed. If a e 
in instrument application could bs 
into the curriculum of chemical « 
neering, I think it would be a 
step forward. 

CHAIRMAN MINER: Does anyo! 
resenting the schools wish to n 
statement about the possibilities 
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noint: of view. I listened to one speaker 
who ¢ ls for what I think is work be- 
ng in a freshman or sophomore 


ff what you would like us to do. I hope 
ean clarify the level on which 












ffective—to review the methods of pres- 
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done it for about five years. It has me 
fascinated. 

However, I don’t want anyone to 
think that we attempt to train servo- 
mechanisms engineers or specifically 
instrument engineers. We would rather 
that you look at us from the standpoint 


tain opportunities for him to get dy- 
namie philosophies at his finger-tips, so 
that he leaves us with a mind that is 
more fertile, more receptive to new 
a mind that may trouble a lot 
f industrial people because he may 
ften be a thorn in their side and very 
dissatisfied with the present way of do- 
ing things. He becomes a person who 
realizes that the world is one of dy- 
namies, and life is constantly a problem 
f change. 

The student has only four years in 






1eas 


degree, and all he can get from us is 
igorous training in fundamentals. The 
fundamentals that you people want him 
to know are the fundamentals of mathe- 
matics, physics, electricity, electronics, 
mechanics. Mechanical engineers should 
be well-grounded in physics, electrical 
engineers in mechanics and hydraulics 
and so forth and Lord knows what else. 
The instrument field, as I see it, is 
uniquely suited as a pedagogic tool for 
correlating in the student’s mind the 
undergraduate work and lending life 
he interrelations between the dif- 
phases of engineering work. 
As an example of how the implica- 
ton of an instrument course can change 
mphasis on a specific subject, con- 
sider the teaching 6f direct-current ma- 
hinery. To the instrument or servo- 
inisms engineer, the important 
is not the efficiency of a motor or 








and others who would like us| 


that have been presented this 


“Dr. ’ROWN (MLI.T.): I would like to | 
a person involved in this edu- | 
program. I feel that education | 
he butted around by very divergent | 


to tra 1 the technicians in their plants. | 
We ca \'t do it. 

i] that we can discuss this prob- 
em a manner that will permit us 
educ s to take back home knowledge | 


hat 

vou it this job done. 

"The is no more room today in an 
engineering curriculum for more tech- | 
nical subject-matter. We first must rec- 


ognize this simple fact. There is room, | 
however—and here is where I take con- | 
fidence in being able to do something 


entation of the subject-matter and in- | 
ect discussions of these industrial prob- | 
nto the course as_ techniques | 
whereby the professor can lend a lot! (o 
of sparkle to his topic. Tomorrow morn- | 
ing Mr. Campbell will outline for you | 
ur philosophy back of teaching the | 
subject of servomechanisms. as we have | 


of injecting into a student’s work cer- | 


llege if he goes only to the bachelor’s | 


hy MEPCO 


"Tru Tolerance 


' RESISTORS 


are Tops with Manufacturers of 
Instruments, Radio, Electronic Equipment 





Tougher, cleaner, more derable 
covering. Protects winding from 
mechanical handling. Prevents 
lugs from piercing iabel. Af- 
fords fungus protection te 




















Non-Hygroscopic Ceramic Forms: 
High insulating value, low expansion 
coefficient, high mechanical strength. 
Highest Grade Alloy Wire: 

Especially enameled to meet most rigid 
tests. 

Extra Terminal Protection: 

a type winding leads and lug embedded 
and molded into one unit. Lead wire type. 
securely anchored in grooves with winding 
wire protected so as to prevent possible 
breaking in handling. 


~ 
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GET THE MEPCO RESISTOR 
GUIDE. IT’S FREE! Shows all Mepco 
standard sizes and gives complete 
data as to electrical and mechanical 
characteristics, 


r 





a — - : 
I Madison Electrical Products Corp. 
Madison New Jersey 


NAME... ccccccccccccscccvessecesessssssece . 
POSITION . oc cccccccesccvvcseccesesesesoces . 
ADDRESS «oc vecccccnccveccccecasesesesesesees 
CITY we veeeees Decvccenecseces STATE. sevecsees 

















Cross-over wires are insulated 
froin rest of winding with acetate 
doth. An exclusive Mepco fea- 











True Tolerance Precision Resistors: 


Standard tolerance 1%. Special tolerances 
down to 0.10% on special orders. 


Severe Breakdown Test 

for every unit. Rejections minimized by 
special winding technique which prevents 
chafing of wire. 


Careful Calibration 

and precision winding keep all units well 
within specified tolerances. 

Send us your requirements on special 
resistors for quotation. 
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se cer ae an ati aggre oe oe 


E To test 
E over-all 


; performance — 


SQUARE-WAVE GENERATOR 


@ This unit, generating its own 
frequency or synchronized from an 
external source, will be found in- 
valuable in many fields. FM, AM 
and Television Broadcasting— 
Telephone and Telegraph Commu- 
nications— Manufacture of Trans- 
mitting and Receiving Equipment 
and Parts. 


@ Many addi ional functions will 
recommend it for use in school and 
college research projects and in 
scientific laboratories. 

a = 
For additional information write: 
Electronics Department, 
General Electric Company, 
Syracuse, New York. 


its speed regulation. Rather 
tant things are its ability to 

its armature and field time 

its weight—for I don’t want 
along any excess mass. It s| 
get too hot, also I would like 
how hot I can get it before it 
to give me trouble. Occasional]; 
completely shatter the morale 
electrical engineering student by 
ing him a hydraulic motor and s 
“This is good for five horsepow 
it weighs four pounds. It has a ¢ 
tator in it, too; its principles 
mutation are the same as a d-c. 
it has resistance, it has damping, 
inertia, it has a transfer functio 
I can represent as a real and an 
nary function.” 


I am willing to work at the pr b! 


of instrument education but I ti 
can only do it at a fairly high 
certainly at the end of the undere 
ate curriculum. I would rather d 


the graduate year. I hope I am ne 


tricked into doing it under the pr: 


that I am going to turn out a speci 
instrument engineer for the rubber jj 


dustry, or an instrument enginee: 
cifically for Mr. Richmond beca 


don’t think any specific boy would get 2 


schot 
long 
lear? 
leart 
Dt 
one } 
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job from Mr. Richmond nor would 2 HB into 
specific servomechanism engineer get 2 MBit is 

a job with a particular company. thro’ 
I think we can use this fascinating Binter 
subject to correlate our fundamentals Mf very 


Electronic Measuring Instruments 








GENERAL@ ELECTRIC , 


Se 


HIGH VACUUM! 


Our complete and modern equipped high- 
vacuum and glass-working laboratory is 
now available for conducting work on spe- 
cial research and experimental problems or 
for the manufacture of special high-vacuum 
devices of all kinds to your specifications. 


Experienced technicians are 
available for work on: 


HIGH VACUUM AND 
GASEOUS DISCHARGE TUBES 


lonization Gauges, Pirani Type Gauges, 

Vacuum Thermocouples and T.C. Gauges, 

Bolometers, using Wollaston or Fine Wires, 

Spectroscopic Research Discharge Tubes, 

Geiger Counters, Mass Spectograph Tubes, 
Etc. 


EVAPORATING AND 
SPUTTERING TECHNIQUES 


SCIENTIFIC AND LABORATORY 
GLASS APPARATUS 


In Soft Glass, Pyrex and Quartz. 


We Welcome Your Inquiries 


BALLANTINE LABORATORIES, INC. 
Boonton, New Jersey 
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PYRO onticat bROMETER 


SAVE TIME AND 
MONEY! 


By using PYRO, a self- 
contained, DIRECT 
READING, § sturdy 
unit made to stand 
rough use. It is abso- 
lutely accurate and 
dependable, and quick- 
ly pays for itself. 

Unique construction 
enables operator to 
rapidly determine tem- 
perature even on 
minute spots, fast 
moving objects, or 
smallest stream; no 
correction charts, no 
accessories, no main- 
tenance expense. Spe- 
cial ‘‘FOUNDRY 
TYPE” and “Univer- 
sal TRIPLE RANGE” 
have, in addition to 
standard calibrated 
range, a red correc- 
tion scale determin- 
ing TRUE SPOUT 
and POURING TEM- 
PERATURES of mol- 
ten iron and steel 
when measured in the 
open. 

Stock ranges 1400° F. to 5000° F. 

Bulletins on PYRO Optical, Radiation, Surface 

and Immersion Pyrometers on request. 
THE PYROMETER INSTRUMENT 60. 
Piant & Lab 

103-107 LAFAYETTE ST., NEW YORK, N. Y. 


In Canada, Sales and Repair Laboratory: 
Dominion Flow Meter Company Limited 
Teronte and Mentreai 
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of engineering education. We will then 
have come a long way toward meeting 
what you people want; and in the last 
four years I have seen that the subject 
of servomechanisms has done a lot to 
vitalize our engineering program. 

Mr. RICHMOND: When Dr. Brown 
started out I was ready to get on my 
feet and argue with him. He has 
answered the arguments. 

What I would like to say is that in 
studying electrical engineering courses 
as they have been given in various 
institutions—and I make no pretense 
of having covered them all, although I 
am a member of the E.P.C. accredited 
group—the codperative course that we 
have found given at M.I.T.—five year: 
where the boys work like blazes, it is 
an all-year-around proposition—is 
best-rounded course that I have se 
I don’t say that from loyalty to 
own alma mater either. 

I think the reason the course is | 
ticularly good is just what Dr. Br 
said: the staff members are alway} 
each other’s hair trying to find a 
ter way of presenting fundamenta's. 

The point I was going to argue wi 
him was that there is no more roon 
electrical engineering curricula for 
other subjects, such as Instrum: 
tion, and he answered that by sa 
that room can be made availabl 
better presentation. Why the elect 
engineering group goes over into 
mechanical engineering departme! 
have to learn almost operational 
niques, and then perhaps go int 
other group and learn operationa! 
niques, when the fundamentals 
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re years 
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—is the 
ve seen. 
' to my 


al] b taught by the mathematics de- 
t, is the thing that has bothered 


nart! 
eee sd Y thie 30 lene been covered 


me, 
ery *: cll. 

a EwaLtp (TVA): A number of 
have established courses in en- 
ginee’ ng Physics. They haven’t been 
too p. ular in the past but the experi- 
ence aS been that this is the best 
fynda. rental course that one could take 
for I) -trumentation. 

Mr. Carpenter raised the point that 
there are no Instrumentation courses 

,and I think Dr. Brown brought 
y well that it is impossible to 
ze to the point where a full- 
instrument engineer is gradu- 
ll he can hope to take is the 
naterial—and that the servo- 

aiism course apparently answers 
oblem very well. 

. GoRDON (Tennessee Eastman 
Corp.) : I think Professor Brown really 
has something on the ball. I think it 
is easy for us who have been out of 
schoo! for 15 or 20 years to forget how 
long it took us to learn what we 
learned, and how little, actually can be 
learned in four years. 

Dr. BROWN (M.1.T.): May I make 
one remark that Prof. Jackson instilled 
into my thick skull, and I still think 
itis very true: A young man going 
through college, if he sustains an un- 
interrupted four years, can become 
very good at learning the fundamen- 
tals. Then, when he graduates, people of 
industry and society at large broaden 
his interests and he learns a lot about 
reduction to practice. But these older 
educators find that many of their very 
capable students never add a single 
thing to their basic professional know]- 
edge after they graduate. Then too, 
we find that people who have been in 
industry for four or five years and 
come back to school, find the learning 
process very difficult. That is why when 
the subject of the codperative course 
comes up, there is reluctance on the 
part of the Institute to allow a stu- 
dent to stay out more than one term 
without going to night school and keep- 
ing in practice with the job of study- 
ing and mastering new information. 

That is why I think it is very im- 
portant that we in college recognize 
those things which we can do well— 
which I think is to teach fundamentals 
and drive them home as thoroughly as 
we can. Leave the learning of “engi- 
neering practice” till later. Then we 
should coédperate with industry so that 
professional development continues 
when you get these men from us. We 


scho¢ 


Pigott (Gulf Research Corp.) : 

1 reminded of the book “Calculus 
ingineers” written in England 

45 or 50 years ago, written by 

John Perry. I found in my own case 
that mathematics and to a certain ex- 
tent physics teaching was not con- 
nectc i to a practical answer. If you 
do as Perry did, apply it to a practical 
matt_r every time you present a prob- 
‘m, you can hold a man’s interest. 
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The day is here when industry is getting 
back into the production of consumer 
goods on schedule. And Air Express is 


greatly speeding the program. 


War plants now engaged in making 


refrigerators or autos, for example, 


require 


new tools, dies, critical machinery and 
parts. Via Air Express, such material is 
obtained in a matter of hours — delivery 
speed that can gain days and weeks of 


conversion time. 


ERS 
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Specity Air Express-a Good Business Buy 





When time means man-hours saved, production gained, a AiR 
customer made — Air Express “earns its weight in gold,” as MILES 


2 Ibs. | 5 Ths. /10 Ibs.| 25 Ibs 





thousands of firms, large and small, have learned. 


$1.04 | $1.25 | $1.57| $2.63 





Shipments travel at a speed of three miles a minute be- 
tween principal U. S. towns and cities, with cost including 


i 
$1.11 | $1.52 | $2.19/ $4.38 





special pick-up and delivery. Same-day delivery between 
many airport towns and cities. Rapid air-rail service to 23,000 


$1.26 | $2.19 | $3.74! $8.75 





off-airline points in the United States. Service direct by air 
to and from scores of foreign countries. 
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GETS THERE FIRST- 





Write Today for interesting “Map of Post- 
war Town” picturing advantages of Air 
Express to community, business and in- 
dustry. Air Express Division, Railway 
Express Agency, 230 Park Avenue, New 
York 17. Or ask for it at any Airline or 


Express office. 


Phone AIR EXPRESS DIVISION, RAILWAY EXPRESS AGENCY 
Representing the AIRLINES of the United States 


November 1945—Instruments—Page 823 











“Wee 
PROPOR TIONING 
CONTROL 





ADAPTS standard two - posi- 
tion temperature controllers 
for “straight-line” control- 
ing of fuel or electric fired 
furnaces, thermocouple 
checking furnaces, and tower 
tops. 


Two OPPOSED temperature 
sensitive elements eliminate 
control “dead - space’, pro- 
vide throttling range, and 
enable the instrument to au- 
tomatically adjust input for 
distance from control point, 
rate of approach toward con- 
trol point, and load change. 


THIS IS DONE without affect- 
ing instrument accuracy, 
changes in external wiring 
or controls, vacuum tubes, 
timing devices, or external 
manual adjustments. 


STANDARD KITS now avail- 
able for users of Leeds & 
Northrup pyrometers having 
own instrument department 
at $55.00 each. Installed price 
$75.00 each for Leeds & 
Northrup controllers at Py- 
rometer Service Shop. Other 
makes on request. 


Pyrometer Service Co. 


228 River Road 
North Arlington, N. J. 
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That was criticized as being undigni- 
fied, but I think it would be well to 
give them immediate application step 
by step. 

Dr. BERGMAN (Universal Oil Prod- 
ucts Co.): I think we cannot emphasize 
too much that mathematics for engi- 
neers is different from mathematics for 
mathematicians or perhaps astrono- 
mers. One of the difficulties with mathe- 
matics in most cases is that it is taught 
by mathematicians. In the few cases 
where mathematics is taught by engi- 
neers it is possible to make engineering 
applications directly. Even where it is 
feasible to correlate courses of applied 


PROCEEDINGS OF DISCUSSION PERIOD, 
WEDNESDAY AFTERNOON SESSION 


OCTOBER 17. 


(Discussions of papers by Professor Williams, Mr. Pumphrey, 
Mr. Fairchild, Dr. Bergman and Dr. Mouzon.) 


CHAIRMAN SPERRY: Before we go on 
I want to announce that after this 
Conference is over Thursday, there will 
be business meetings of the I.S.A. Fri- 
day and Saturday at the Roosevelt 
Hotel. These meetings are open, the 
same as this Conference. If the I.S.A. 
can promote such a program as Mr. 
Pumphrey outlined, I am sure all of the 
members will bend every effort to get 
it started. We are very young and you 
will have to be patient. I was very, 
very pleased to hear that you are going 
to help us, because obviously we can- 
not do this job alone. 

A MEMBER: Dr. Mouzon brought out 
a point which should be more stressed 
than it is, a point which is quite often 
overlooked, and that is that we should 
look at our present courses and see 
what we can do in getting the material 
across to the student, rather than try- 
ing to add to the course. I think that 
what should be stressed more is to do 
away with some of the duplication be- 
tween the departments and courses. 

CHAIRMAN SPERRY: It seems evident 
that there seems to be a desire for 
more emphasis on Instrumentation 
within the existing courses. Particu- 
larly in fields like mathematics, there 
is sometimes a little intellectual snob- 
bishness, in the attempt to remain pure, 
and I think if we can sell the mathe- 
maticians on the idea that these prob- 
lems of ours are perfectly respectable 
they will find it to their advantage to 
learn the tie-in. 

A MEMBER: Many of the speakers 
mentioned the fact that it would be 
good to have a five-year course. Why 
not start the students earlier: at six- 
teen? Many students are capable of 
handling college work at that age. 

PROFESSOR MCCABE: To point up 
these discussions, perhaps it would be 
well if somebody outlined the general 
problem one faces in modifying, revis- 
ing, or designing an undergraduate 
curriculum in engineering. 

Most of the questions discussed so 





mathematics to the math: 
has been taken or is bei) 
the moment, there is seld 
coordination because the diff, 
are written by instructors 
ferent viewpoints. 

The process of memory usua *0es 
by association; it is easier to em. 
ber a song with words than a h 
piece of music or a poem. W!] 
have a mechanical application 7 
with the mathematics of that a. plies. 
tion the two are more easily nem- 
bered in later years, and those appli. 
cations are one of the most im) »rtan} 
things in school. 









far come back to a problem of curricy 
lum design. The problem of des 

a curriculum is not much different j 
principle from designing any engineer- 
ing structure. In both cases you are 
faced with several realities. First you 
have certain materials with which t 
work, In an engineering structure those 
materials are the metals, plastics, in- 
sulations, conductors, vacuum 
etc., that you have available at th 
time. In designing a curriculum th 
raw material of course is the student 
that you are receiving. 

In general, the engineering colleges 
are receiving good students. They ar 
not supermen, however, and the amount 
of training they can absorb in a given 
time is not infinite. 

The second reality we face is student 
time and the faculty, equipment and 
so on, that are available. The three 
realities are, first, the time of the stu- 









tube S, 















dent; second, the size and type of th 
physical plant and the physical equip- 
ment that you can get; and third, the 






number and type of faculty. 

The first one we can’t do very much 
about except doing such things 4s 
lengthening the curriculum, but I think 
we must face the fact that the stand- 
ard four-year undergraduate curricu- 
lum is something we are going to havé 
with us for many years. And remen- 
ber that actually that is not four years 
at all; it is about 135 to 138 weeks, 
which is somewhat different. 

We can of course do something 
enlarging the faculty; we can 
good deal in choosing faculty me 
seeing that they train themselves «long 
the proper lines. 

We can do something over a | 
of years to get equipment. 

Now let’s suppose you are try 
design a battleship. You have 
tons of displacement available. Y 
put a great many things in 45,00! 
Let’s suppose also that you are 
ing a destroyer, with less tha 
tons. You can put a great deal 
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GET THESE 2 ROLLER-SMITH FEATUS 
IN YOUR SWITCHBOARD INSI@D) 
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Se Printed in jet black ona 
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FOR EVERY SWITCHBOARD NEED % struments easy-to-read. 


The accurate calibration and careful construction and 





Round—Surface Mounted 









Rectangular— Surface or Flush Mounted design hold the instrument to an accuracy of 1%. Each 
i Direct Current instrument is individually calibrated and the scale.then 
Ammeters Voltmeters Ud accurately drawn. 

| Alternating Current bed 





There is a mounting and style to meet individual prefer- 
| ences and needs. Round cases for surface mounting 
Rectangular cases for surface or flush mounting. A full 
range of sizes and capacities is available in each type 


aan naan adaten ea case and mounting. For full information, write for 
RE ee —_ # Catalog 4220 to Department IN-5 


ROLLER SMITH 


BETHLEHEM-PENNSYLVANIA 
In Canada: Roller-Smith Marsland, Ltd., Kitchener, Ontario 


AIRCRAFT INSTRUMENTS * SWITCHGEAR 
RELAYS PRECISION BALANCES 





Ammeters Power Factor Meters 
Voltmeters Frequency Meters 
Wattmeters Synchroscopes 
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STANDARD AND PRECISION ELECTRICAL INSTRUMENTS ©¢ 
AIR AND OIL CIRCUIT BREAKERS ROTARY SWITCHES 
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WHAT do you need 





SENSITIVITY RESISTANCE 
DURABILITY 












90 CHESTNUT ST. 





in a PYROMETER 


SIMPLICITY 


Engelhard Direct Deflection Indicators have all these features 
tivity to the most minute voltage variations due to suspension type construction ... 
High resistance per millivolt and no appreciable error when used with thermocouples 
of different resistances and on connecting leads of consid- 
erable length . . . Sturdy construction, adapted to use under 
severe conditions without danger ... So simple that instant 
readings may be made directly in either millivolts or tem- 
peratures by someone unfamiliar with the principles of pyrom- 
etry . . . On kilns or furnace installations, where “spot 
readings" are desirable—the Engelhard Rotary Switch permits 
separate readings from many points. 


CHARLES ENGELHARD, INCORPORATED 





. . « Accurate sensi- 


NEWARK, NEW JERSEY 










































HARDNESS 
TESTING... 


done WITH NO MENTAL 
HAZARDS. The SCLERO- 
SCOPE has done it for the 
past 36 years. 


In general use for 
specification pur- 
poses. Simple, 
sturdy. Compara- 
tively inexpensive. 


Illustrated 
bulletins 
free. 





The Shore Instrument 
& Mfg. Co., Inc. 


9025 Van Wyck Ave., Jamaica, N. Y. 











RAWSON 
SEMI-SUSPENDED 


METERS 





Type 503 


for Ultra-High Sensitivity 


0.5 Microampere Full-Scale (7000 ohms) 
0.24 Millivolt Full-Scale (10 ohms) 
High Resistance Voltmeters (Megohm per 

volt). Many other ranges. 
Accurate Portable Meters need no level- 
ing. Will often replace light-beam gal- 
vanometers or vacuum tube voltmeters. 

Write for bulletin 
WE ALSO SUPPLY 


REGULAR DC METERS 
THERMOCOUPLE AC METERS 
MULTIMETERS 

FLUXMETERS 

ELECTROSTATIC VOLTMETERS 


Special apparatus built to order 
RAWSON ELECTRICAL 
INSTRUMENT COMPANY 


11¢ POTTER ST. CAMBRIDGE, MASS. 
Representatives CHICAGO NEW YORK CITY 
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that structure than you ca 
tleship. You could put a so 
in a battleship, but I don’t 
would put a soda founta 
destroyer. Let’s say you ar 
a bomber, and on the oth: 
fighter; you can put much m 
bomber than in the fighter. 
more instructional material <¢ 
into a five-, six- or seven- 
riculum than in a four-year cu 

We have been discussing th 
of additional courses and son 
suggestions remind one of the ; 
American custom:-If someth 
quite right, let’s pass a law! 
change the curriculum and we 
things in, but we would have t 
nate something else- that is 
there. That is pointing up th« 
ment of the last several spe 
namely, that the best chance of m 
ing the problem we are faced with j 
to revise and improve our existin 
courses rather than add new ones. 

I would like to tell you how that 
problem appears to one who is respon- 
sible for the curriculum of a particular 
branch: chemical engineering. We can 
do several things in the chemical ep- 
gineering curriculum now that might 
help to meet the requests that have 
been made. First—and I simply wan 
to reinforce remarks made by several 
speakers: We have courses in our cur- 
riculum on mathematics, physics, me- 
chanics, electrical engineering, metal- 
lurgy, and chemical engineering. We 
are giving a good deal of emphasis, as 
in most all modern chemical engineer- 
ing curricula, to fluid mechanics. It is 
important in fluid flow, loss of power 
in heat transfer, and in the funda- 
mental patterns in which mass trans- 
fer occurs in such equipment as gas 
absorbers, fractionaters and so on. It 
is also fundamental to Instrumentation, 
and progress is possible along the line 
of emphasizing Instrumentation funda- 
mentals in such courses. 

The field of mathematics can be used, 
as has been mentioned several times, 
to illustrate problems in process vari- 
ables and their control. 

The basic principles of physics should 
be thoroughly covered in the elemen- 
tary physics and it is difficult to find 
anything in elementary physics that is 
not pertinent to instruments. 

Finally, in our own research set-ups, 
especially in the graduate problems, 
there is a place where a man with 
master or doctor’s degree should get 
some background in Instrumentation. 

A more specific contribution that 
believe can be made in a modern chiem!- 
cal engineering curriculum is this: W° 
are concerned primarily with tra 
students to understand, to engine: 
operate and to design the moder 
dustrial process. That is the c 
core of chemical engineering tr: 
now. We are attempting to emp! 
the fact that in the process an i 
ment is as much a part of that p20cess 
as is a pump, a tank, a valve, °F 3 
fractionating tower, or a hea &&* 




















There is no reason why we 
levelop courses in processes to 
ze such a viewpoint. 
are some things we cannot do 
mical engineering curriculum. 
for example, that we can go 
lectronics. Work on electronics 
in courses in physics and elec- 
ngineering; we would not be 
develop a proper basis for such 

in a chemical engineering 
The same limitation applies to 
chanisms. 
ie result will not be an under- 
juate trained as a complete instru- 
engineer, I don’t see that that is 

» jn the single curriculum as we 
ave it, but at least we can take 
ts of it. 

The next thing that can be done, at 
least in large departments, would be 
to have some elective courses in Instru- 
mentation. 

Finally, a school located in an indus- 
trial area can aid in the transition 
between the two phases of technical 
education, namely, the education done 
in school and the education done in 
industry. Let me point out that the 
education in industry is of comparable 
importance to that in school. We have 
a boy in school for about 135 weeks; 
you have him in industry for forty 
years. That is a large time ratio. The 
objective is for the school to give the 
training that industry cannot give, and 
for industry to give the training that 
the school cannot give. That is the 
principle for allocating those two parts 
of the same job. 

CHAIRMAN SPERRY: That is an ex- 
cellent summary not only of the ques- 
tion at hand but of many of the other 
points that have been discussed. 

When Mr. Pumphrey said we should 
combine the study of instruments and 
control, I was waiting for somebody 
to add, as Dr. McCabe did, that we 
should also include the process, because 
they are all one and the same. The 
emphasis that Dr. McCabe placed on 
this point made me think of the defini- 
tion of a refinery as an automatic tem- 
perature controller with some tanks 
and pipes to connect together the vari- 
ous bulbs, a number of flowmeters, 
some auxiliary piping, a supply of oil, 
and pumps to see that the proper flows 
were provided, and se on, in which the 
instrument is the focal point and the 
rest merely the accessory gadgets. That 
Statement is a little extreme, but the 
trend is in that direction. 

Major BEHAR: Our Chairman yester- 
day opened the discussion period by 
saying, “Pull no punches in your discus- 
sions.” I am going to discuss the funda- 
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“ae ; mental term that brought us here, the 
- ’. Bf term “Instrumentation.” I object to the 
_— _.f Phrase “instruction in instrumentation 
, Rat ond control” used by some of the speak- 
\. tof ©US from both industry and colleges. One 
et baal of them, my good friend here, even 
a ocd’ @XPlained painstakingly to us that he 
= . 4g 2dvocated that instrumentation and 
“ exe ‘ol should be brought together in 
“Bi the colleges—implying that they -are 



















GAERTNER 
MICROMETER SLIDES 


with 


MICROSCOPE or TELESCOPE 


for precision linear measurements 
up to 4’ reading to .00005” 


Dependability and precision are insured by ex- 
tremely accurate screws and fine craftsmanship. 





When used with the various types of support 
bases available they can be used as small com- 
parators for horizontal linear measurements 
(Fig. 1). 


horizontal 
measurements 





The microscope mounted parallel to the slide 
permits depth measurements and micrometer 
focusing (Fig. 2). 


micrometer 


depth 
focusing 





Vertical orientation permits use as a small cathe- 
tometer for vertical linear measurements (Fig. 3). 
Interchangeabiliy of microscope objectives and eye- 
pieces permits a wide selection of magnifications. 





These instruments are ideal for the variety of 
applications required in testing and inspection 
departments, laboratories and shops. 






vertical 
measurements 


Send for Catalog M-138 
The 
GAERTNER SCIENTIFIC CORP. 


1211 Wrightwood Avenue, Chicago 14, U.S.A 


Siro Sves fot deel Coardingss 


DESIGN PURCHASING 
ENGINEERS AGENTS 
Avoid grief by Here isthe 
speciFying stock answer to lower 

sizes by SAo~Z costs and faster 


: : Worlevdewel deliveries 
Hichest Quatity ar Lower Cost wira ine 


SEND FOR STOCK LIST AND BOOKLET “A 


JOHN rley 
Waltham s4 wel co. Mass. 
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apart. My dear friend, I take exception 
to that coming from you more than I 
would from somebody to whom Instru- 
mentation is quite new and I know that 
you have been an Instrumentician many 
years. Well, more than twenty years 
ago, when the term “Instrumentation” 
was coined, it denoted “measurement 
and control” and the first dictum of the 
then new science that was beginning to 
be formulated in that dim past was, 
“In order to control a condition you 
must first measure it.” You can teach 
measuring instruments without teach- 
ing automatic control but when you take 
up control you can’t overlook the need 
of properly measuring whatever is to 
be controlled. 

One more punch. My good friend here 
said that he cannot imagine many pro- 
fessors of chemical engineering giving 


a course in electronic instrumentation; 
and several other speakers likewise 
brought up specialization in curricula 
and faculties as an obstacle. Actually, 
a number of professors, not only of 
chemical engineering but of chemistry, 
specialize also in electrical and elec- 
tronic measurements because nowadays 
important chemical measurements are 
accomplished by electrical and elec- 
tronic methods. I may name one because 
he is not here and we may flatter him 
behind his back: Ralph Miiller of New 
York University, a professor of chem- 
istry, not only has taught electronics 
as part of chemical measurements, not 
only has designed new electrochemical 
instruments (he Americanized the Hey- 
rovsky polarograph) but is the author 
who, with two of his former students, 
brought out an excellent book on elec- 
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INCORPORATED 


6421 RAVENSWOOD AVE., CHICAGO 26 | 
MANUFACTURING METALLURGISTS 











tronics. We have equally ve 
cators right here in this 1 
industry as well as from th 

Mr. FAIRCHILD: Speaking 
Behar’s punch, I want to r« 1 yo 
that there is a lot of control e: ri 
which has little to do with inst: ‘ey 


MAJOR BEHAR: May I interr Hoy 
can you control without an inst _ ment 

Mr. FAIRCHILD: Mr. Pump) a 
explain that better than I ca 

Mr. PUMPHREY: I have had 
ber of arguments involving term ,olo, 
and the arguments usually en: whey 
the terms are understood. Ther ore, 
am willing to accept Major Hchar’ 
criticism of my lack of undersianding 
of the term, “instrumentation.” I wi 
defend myself only on the basis that 
believe there are a large number of 
engineers who like myself possibly 4 
not realize that the term “Instrumey 
tation” is so all-inclusive as Majo 
Behar indicated. 

Secondly, when I said I couldn’t im 
agine very many chemical enginee;; 
being qualified to give instruction j 
electronics, I was trying to emphasiza 
the necessity for codperation betwee 
departments in giving this course, A 
elective course has been suggested sey 
eral times. I think it should be not a 
elective course for the electrical engi 
neers or an elective course for the chem 
ical engineers; it should be a course 
covering the general subject of /nstru 
mentation and the course should be the 
same for both. If that kind of course j 
given, I think codperation between de- 
partments is needed. 

PROFESSOR JONES (Northwestern Uni- 
versity) : It seems to me that one ques- 
tion, which has not been raised, vitally 
affects the schools. When you gentlemen 
in industry are engaged in developing a 
new product one of the first things you 
do is make a market survey. This ques- 
tion, then, might properly be raised: 
How many students specifically trained 
in Instrumentation would you be willing 
to use a year? And not only for a year 
but per year, for the next ten years? 

In electrical engineering at the pres- 
ent time we have two principal options, 
that of power and that of communica- 
tion; and although during the last few 
years the number of students in the 
communications option has far out- 
numbered those in the power option, we 
have every reason for feeling that that 
balance will be restored. I might rai 
the question then, can the instrument 
industry use a number of grad 
each year, equal to those absorbe' >) 
the manufacturing industries, the elec: 
trical manufacturing and the powe™ in- 
dustries or by the communicatior i 
dustries? 

It seems to me that some inform: ion 
along that line is of vital import nec 
to the schools before they can ° achif 
sound conclusions as to what steps eyf 
should take in this particular pic uT¢# 

The discussions that have been ore 
sented yesterday and today have r red 
all the way from an increased em; ‘5/8 
on instrumentation in the p: em 


€ edy 
froy 
legeg 
Majo 




































num 


















































































































num 

Olog 

Whey 
“fore, 
char 
lersianding 
on.” T wil 
ASis that 
hUM Der of 
OSSIDly dg 
Instrumen 
as Majo 


uldn’t im 
engineers 
ruction j 
emphasiza 
1 betwee 
Ourse, A 
ested sey. 
be not g 
ical engi 
the chem 
@ course 
of Instru 
ld be the 
course js 
bween de- 


tern Uni- 
one ques- 
d, vitally 
entlemen 
eloping a 
ings you 
his ques- 
: Yaised: 
’ trained 
€ willing’ 
r a year 
years? 
che pres- 
options, 
munica- 
last few 
in the 
yut- 
, we 
that 
raise 
nent 


ites 


a” 


For testing altimeters and rate-of-climb indicators. Accu- 
rate, very compact, and simple to operate. It consists of 
chamber, integral vacuum pump, control valves, and 
electrical equipment. It is complete, requiring no other 
accessories for complete testing of altimeters when 
using a master standard altimeter. The chamber is de- 
signed for testing four instruments at one time. Ask for 


Bulletin 26. 


For calibrating aircraft instruments, such as altimeters, air speed indi- 
cators, rate-of-climb indicators, fuel pressure gauges, manifold pressure 
gauges, suction gauges, automatic pilot sylphons, and actuating dia- 
phragms, etc. A direct reading instrument, known as A-338, it is 
equipped with an eight-sided scale selector permitting selection of 
proper scale to test any and ail aircraft instruments operating on the 
pressure or vacuum principle. In addition the instrument has a scale 
elevating mechanism, protective case with plate glass cover, return 
well, and mounting stand. Its range is 61”. Ask for Bulletin 22. 





For checking and calibrating air speed indicators. 
Simple, rugged construction. Consists of two individ- 
ual units: 2-tube Manometer in a single case, (one 
tube for water, the other for mercury); and pressure 
generator with necessary valves and rack for mount- 
ing indicators. Scales are duplex type graduated in 
inches and tenths with knots or miles per hour, and 
are compensated for a given operating temperature. 
A thermometer in the Manometer case indicates true 
temperature at all times. Ask for Bulletin 27. 
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THE MERIAM INSTRUMENT COMPANY 
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et-air 


| 

| Means Today’s highest 
| Standards of Accuracy! 
| 


Years of Tel-air’s manufacture of timing mech- 
anisms is exceptional by the foremost recogni- 
tions. Tel-air production of bomb fuzes (tiny 
timing mechanisms) is a story in itself. Prefer- 
ence of Tel-air by America’s leading manufac- 
turers for today’s expanding market is another. 
Tel-air parts and assemblies are found precise and 
: reliable by 
| 


today’s standards for long and 
severe service. ; F 
Investigate! Resourceful engineering, tooling 


and production is a fine art here. 

Whatever your problems in timing bring them 
to Tel-air for immediate attention. PROMPT 
DELIVERY on all orders, large or small. 





Col-air a 


{ Write for profusely illustrated Catalog of 
\. typical Tel-air products. 


| Catalog of typical Telb-air products. 
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tut TELEOPTIC co. 


RACINE, WISCONSIN 








12635 MOUND AVENUE 































Famous Deming Indicator 


BUSINESS FOR SALE 


Acquired by present owners dur- 
ing war period to assure its plant 
a sufficient supply of ultra-sensi- 
tive toolmakers’ and inspection 
test indicators. Now offered for 
sale to release additional factory 
space needed immediately for 
peace-time production of owner’s 
regular line. 

For quick sale, $3500 will han- 
die the deal. Includes all special 
tooling, finished and _ semi-fin- 
ished parts, etc. Write or wire for 
appointment. 


DEMING INDICATOR DIVISION 
P. 0. Box 1034 Dayton |, Ohio 











NGINEERS WANTED 


Electronic 


to develop circuits and 
market for new tube and 
equipment. 


Sa les 


to analyze processes and 
establish specifications 
for control equipment. 


Design and Development 
Hydraulic controls for 
all types of industrial ap- 
plications. Send complete 

information to 


H. P. NIEMANN 


Mark 


ASKANIA 


REGULATOR COMPANY 


1603 S. Michigan Avenue 
Chicago, Illinois 


personal. 
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courses; that is in physics, Mistry 
and in engineering, to what I -atho,.. 
to be completely new curricu.  inyp), 
ing a vast array of courses ch 
parently for the most part 
those standard courses which har 
come to accept as part of the al enim Re 
gineering curricula. EB. 

The question may well be 
such a completely new curric 
developed, such as Mr. Pumph 
suggested, in instrumentation 
ably cutting across all fields, e 
engineering, mechanical engi 
and chemical engineering, wo 
graduate trained in such a curr. 
be equally satisfactory to a pow: 
pany, to a rubber company, or to as 
company? It seems to me that it 
of you representing industry, ar 
sible employers of such men, cou! 
us an answer it would be of hel; 

Mr. ACKLEY (Republic Flow Mete; 
Co.): On this matter of instruments 
tion and control, Major Behar, wher 
would you classify a lot of liquid ley¢ 
controls which have no instrument assim 
ciated with them at all? Also the com 
plete combustion systems Republi 
manufactures with no instrument cop. 
nected with them? And take a turbix 
governor as a controller, it has no ip. 
strument at all. 

SEVERAL MEMBERS: It has .. . [ete] 

MAJor BEHAR: You see, the last ques. 
tion you asked was answered by the 
audience’s reaction, so that part of it 
is settled. Now if you had worded your 
question— 

Mr. ACKLEY: What then do you mean 
by an instrument? 

MAJOR BEHAR: That is not the ques- 
tion you first asked. You wanted me to 
classify a non-indicating liquid level 
controller. It is a control instrument, 
because it has a measuring element. 
Even in the kind in a water closet—a 
crude example—the ball float and lever 
perform a measuring function and con- 
mand the valve. Since instrumentation 
began to be formulated, it is the steam 
trap, rather than the level controller, 
that has been called the dividing line 
between “fittings” or “devices” where 
no measurement is performed, and “in- 
struments.” But I think we should cut 
this short. 

CHAIRMAN SPERRY: That’s right, let’s 
not get involved in that. 

Mr. FAIRCHILD: It has seemed to me 
in listening that seme faculty members 
have had in mind taking rather com: 
plicated instruments into their courses 
of instruction. In my opinion, recording 
instruments and recording contr 
should not be used in undergraduat 
struction, and to only a limited e 
in special post-graduate courses. 
subject of automatic recording doesn’t 
involve any basic theories that are dif 
ferent from automatic control an! i” 
the matter of instruction what is the 


















































































difference between a recording con rol-§&e 
ler and a controller? anc 
So I would like to suggest to theg™ 


teachers contemplating using in. trv 
ments in laboratories and le:‘uregmme 
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hat they think of the theories 
iring and their relation to 
; of reference. The principles 
common to other sciences can 
strated best from simple in- 
ts and non-recording controllers. 
tly there appeared some infor- 
on a set-up in Washington 
ty of automatic control. With- 
aring to be jealous of a com- 
that apparatus is entirely too 
ited to be taught to students, 
nade of circuits and leads that 
idental, that are not essential, 
re are plenty of simple devices. 
rinciples of physics can be dem- 
d on the lecture table by an in- 
nt rather than a home-made de- 
for example. The mathematics 
can demonstrate why he is 
ng mathematics and leave out 
dificult and complicated matters. 
| to use the word, “instrumentol- 
to indicate that you cover all the 
of instruments and that you can 
the principles of instruments. 
GORDON: I believe Professor Jones 
sked a very important question 
would like to answer him by say- 


g that it would require a very large 
hemical company indeed to require 


than one highly trained instru- 
engineer in its entire staff. But 


we do need many chemical engineers 
who know how to use instruments, hav- 
g gained their knowledge through 
ust such a course as Dr. McCabe has 
hescribed. 

A MEMBER: The gentleman’s state- 
ent is all right, except that the highly 
omplicated industrial process is going 
0 increase the need enormously. It is 
huite true that the large organization 
robably will hire only one for the time 


but as time goes on we are going 
more radio tubes and more in- 


strument engineers. Contracting firms 
pre highly interested in instrument en- 
rineers. Instrument companies them- 


take it from another angle, they 
to talk about the ones they build, 
may expect that they would like 


0 take the green material and build it 


ss” where emselves. 
and “in-§ PROFESSOR CEAGLSKE (Washington 
hould cut(#University) : I would like to say a word 
ir two about the set-up we have at 
ight, let's’ ashington University. I happen to be 
irimarily responsible for that, so would, 
ed to meftherefore, be pleased to have any sug- 
membersaeestions for improving it. Mr. Fair- 
her com-fchild’s remarks are welcome. Our set-up 
r coursese’2S made primarily to show undergrad- 
‘ecordinggeate students how these controls react. 
ntro!lersf=XPeriments with this equipment are 
duate in-§P4rt of the regular Chemical Engineer- 
d extentfg laboratory work. We do not expect 
ses, The te students to know how the instru- 
» doesn't ments operate, 
are dif-@ I was very much interested in Pro- 
| al lessor McCabe’s discussion. I think that 


con ‘rol- 


it is the@fontrol is as much a part of chemical 
engineering as fluid flow, distillation 


and some of the other things which we 






normally take up in the course. 
We have no special courses in instru- 
mentation for undergraduate students. 


Ingenious New 











Technical Methods |,“ 
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i To Help You with Your Reconversion 
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NOW ANYONE CAN GRIND THREADING TOOLS! 


— WITH MASTER GRINDING GAUGE! 


Until the advent of the Acro Master Grindin 

Gauge, only a skilled mechanic could grind thread- 
cutting tools to the required degree of accuracy. 
Now anyone can do it—in less time, with less 


waste, with even greater precision! 


The cutting tool is simply placed in slot of the 

































Master Grinding Gauge, and thumb screws hold 
it tightly in place, at the proper angle, while being 
ground on any type of surface grinder! The Gauge 
is made of hardened tool steel. There are no deli- 
cate or moving parts to get out of order. Milled 
slots at top and bottom provide correct grinding 
angles. A small set screw at end, eliminates any 
lateral motion. There is nothing special to learn 
—anyone can use it! 


Anyone can be “helped on the job” by Wrigley’s 
Spearmint Gum, too, once this quality product 
again becomes available. Just now, no Wrigley’s 
Spearmint Gum is being made, and until condi- 
tions permit its manufacture in quality and quan- 
tity for everyone, we again urge you, please, to 
“Remember the Wrigley’s Spearmint wrapper.” 
It is our pledge to you, of the finest quality and 
flavor in chewing gum—that wi#// be back! 


You can get complete information from: 


Acro Tool and Die Works, 4554 Broadway, Chicago 40, Il. 





Acro Master Grinding Gauge 





Remember this wrapper 
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2 Instrument Mechanics 


WANTED 

























MAINTENANCE and REPAIR WORK 


Must be acquainted with 
Wheatstone Bridge type instruments, 
Ph controllers’. . . Bailey controls, 

and familiar with various 
process control application. 
An excellent opportunity 


with america’s largest pro- 
ducer of Rayon for tires 


CONTACT 


AMERICAN VISCOSE CORP. 
FRONT ROYAL, VA. 











Excellent opportunity for mar 
with engineering education 
and sales experience to head 
sales department of progres- 
sive company manufacturing 
instruments and 
Location East Central States. 


Give pertinent data and photo. 


apparatus. 


BOX 102 
Instruments PUBLISHING COMPANY 
1117 WOLFENDALE STREET, 
PITTSBURGH -12, PA. 
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WIRE SO FINE 
IT MUST BE 


UM 


WOLLASTON PROCESS 
Wire as small as 


1 OF AN INCH 
100,000 Se DIAMETER 


- « « available in Platinum 
and some other Metals 


.00001” is less than 1/30 the 
diameter of the smallest wire 
die commercially available. 
Yet our Wollaston Process 
wire (drawn in a silver jacket) 
closely meets your specifica- 
tions for diameter, resistance 


and other characteristics. 

« 
This organization specializes 
in wire and ribbon of smaller 
than commercial sizes and 
closer than commercial toler- 
ances. Write for List of Products. 


SIGMUND COHN & CO. 


44 GOLD STREET NEW YORK 7 
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| We do give such a course in the Gradu- 
| ate School. In our undergraduate lab- 


oratory work many types of measuring 
instruments and controls are encoun- 
tered, and are studied in connection 


| with the experiment involved. The paper 


Mr. Fairchild mentioned may be found 
in Chemical and Engineering News, 
Volume 23, July 25, 1945, page 1245. In 
that paper you will find that we have 
the three types of control: the two- 
position, the proportioning and the auto- 
matic reset—both air- and electrically- 
operated. In addition to the make of in- 


| struments listed in that paper, we have 
| the Foxboro—and, yes, Mr. Fairchild— 
| we have the Tagliabue! 


Mr. IRWIN: May I say, in answer to 


‘| the question of the gentleman from 
| Northwestern, from the viewpoint of the 
_ | Engineering Departments of several 
| instrument companies, I know that they 


all would like to be able to hire some 


| design engineers. I know from the sales 
| end of the instrument work that there 
| are many available sales openings. I 
| can say also that one of the standard 
questions as I go around to the various 
| instrument-using companies is, “Do you 


have anybody you can recommend for 


| our Instrument Department?” 


It is impossible for any single indi- 
vidual to say quantitatively how much 


| demand there is for instrument engi- 
; neers as such, but broadly speaking, I 


think it may be called “large” and, per- 


| centagewise, the number is going to in- 
| crease as time goes on. 


One of the large chemical companies 


| that I have had occasion to work with 


over°a period of years makes many 


| management promotions from the In- 


strument Department, because this is 


| the only group familiar with the opera- 


tion of the entire plant. The successful 
instrument engineer is the one who 


| knows the processes to which he applies 


his instruments. That is why I assert 


| that the demand for instrument engi- 
| neers is going to increase. 


A Mempser: I don’t think the pro- 


| fessor had reference to the finished 
| engineer but the engineer who was.go- 
| ing to be engaged in some certain line 
| of work. It seems to me that very few 
| industries wouldn’t take that type of 
| man; there are very few industries 
| that the instrument man can’t call on. 


A MempBer: The average plant nowa- 


_days has an instrument installation 
| somewhat equal to the electrical equip- 
| ment, and from that you can assume 


that you will need as many instrument 
engineers as you will electrical engi- 
neers. Likewise, so far as the operation 
is concerned, you may need as many 
instrument mechanics as electricians to 
keep the plant in operation. This is 
becoming appreciable nowadays; ten or 
fifteen years ago you could say that 
all the instrumentation the average 
plant had was two gages. 

CHAIRMAN SPERRY: Some of the ap- 
parent confusion that was mentioned 
yesterday and this morning is due to 
the fact that we are talking about more 
than one problem. We must have trained 


instrument designers; we ne 
cists who really know instrur 
have been trained in instrun 
control theory in much great: 
than before; we need engi 
through industry who are well-. 
in using the methods outlined 
McCabe; and we have to have 
nance men. And I probably coul: 
fy them farther. The colleges 
train one man to be all of these 
four-year curriculum, but the hx 
is to develop a train of though 
what the colleges ought to em; 
first, in their undergraduate and 
their graduate work. 

I just looked up how many |! 


Xt In 


1.D.’s 


have graduated in the United Sates: 
in normal years there were about 800, 


year throughout the whole count 
the physical sciences. Of those 80( 


y, in 
very 


few have had real specialized traini 


in Instrumentation — and this i 
healthy. Now, nobody expects that 
Conference is going to end up 
I.S.A. or any miracle organization | 
ing us these instrument techniciar 
a plate. But we have to develop a t 


this 
with 


land- 


1S On 
rend, 


so that out of meetings like this, more 


of that type of education will b: 
couraged. That is the only thing 


> en 
that 


you can hope for as an immediate re- 


sult. Ten years from now, we hope, 
tendency will have developed into a 
fledged instrument technology in a 


that 
full- 
num- 


ber of universities, and I think those 


that follow the instrument field, those 


that have watched closely, feel th: 
that time industry will be able t 
sorb any practical number of in 
ment Ph.D.’s that are likely to grad 

PROFESSOR JONES (Northwestern 
versity) : Before the discussion get 
of hand on my question, let me say 
it was raised to develop discussio 


it by 
» ab- 
stru- 
uate, 
Uni- 
S out 
that 
n on 


a rather important point; and I think 


it has worked successfully, becau 
has brought out a number of idea 


se it 


S. 


It has brought out one idea which 


has come up several times before. 
gentleman back here brought it up 
a minute ago. When promotions 


The 
just 


were 


to be made they were made from, in this 


particular case, the Instrument De 


part- 


ment because the men in that depart- 


ment were familiar with the e 
process involved. 


ntire 


We do not want, and I am sure you 


do not want, instrument engineers 
are not familiar with the fundame 


nvé 


of the process, whether it be an electri 
power plant or a rubber plant. It means 


that in developing individuals with 
specialized training—and here I 


refer again to the electrical enginee 
curriculum—those individuals are g°! 
to have to have just as much wor 
power plant machinery or electri 
as they now have, and the trainin 
instrumentation is going to have t 


added to their present curriculum. 


Dr. BERGMAN: Along the line: 


Professor Jones’ question, I might 


cate first that we have had the pro 


of designing a large number of avi 
gasoline plants, with a group of, 
25 chemical engineers involved, 


ay, 
“ho 
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Type FA-121 for 12 volt operation 
Type FA-122 for 24 volt operation 


OR coding, keying, monitoring, programming, or other timing 

applications this instrument, operating at a constant speed, re- 
gardless of voltage variations as great as +20%, permits accurate 
timing to hundredths of a second. 

With acurrent input of only 0.003 milliamperes, the motor delivers 
1800 gram inches per minute, a feature of especial importance in 
battery powered systems. 

Interchangeable cams permit the use of any desired timing 
characteristic for two or more separate circuits. 

Write for Technical Publication 234 
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SPECIFICATIONS 


MODULATION: 


U.H.F. STANDARD SIGNAL 
GENERATOR MODEL 84 


CARRIER FREQUENCY: 300 to 1000 megacycles. 
OUTPUT VOLTAGE: 0.1 to 100,000 microvolts. 
OUTPUT IMPEDANCE: 50 ohms. 


SINEWAVE: 0O—30%, 400, 1000 or 2500 
cycles. PULSE: Repetition—60 to 100,000 cycles. Width— 
1 to 50 microseconds. Delay—0O to 50 microseconds. Sync. 
input—amplifier and control. Sync. output—either polarity, 
DIMENSIONS: Width 26”, Height 12”, Depth 10”. 


WEIGHT: 125 pounds including external line voltage regulator. 


MM 





MEASUREMENTS CORPORATION 


BOONTON - 


RESISTORS 


A precision resistor designed 
especially for the require- 
ments of the laboratory and 
fine instrumentation. A new 
standard of stability in a 
range where instability has 
been prevalent. 





Supplied only in values from 
1 megohm to 1,000,000 meg- 
ohms. 


THE VICTOREEN INSTRUMENT CO. 
5806 HOUGH AVENUE 
CLEVELAND 3, OHIO 
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NEW JERSEY 





TIME SWITCHES 


TRIPLE POLE 
DOUBLE POLE 
SINGLE POLE 


All three types can be furnished with 


from 20 TO 200 
‘OLE. 


© 
PROCESS TIMERS 


INTERVAL TIMERS, or PROCESS 
TIMERS, are furnished in two types. 
One is reset by hand (manual); other 
resets itself, automatically. Both types 
can be provided for practically any cycle 
of time, fully = or, from zero to 
maximum period. YNCHRONOUS, 
SELF- STARTING MOTORS. 


& 
SIGNAL TIMERS 


Used extensively for starting and stop- 
pin industrial work; school class 
riods; for municipal time signals, etc. 
Fully adjustable over 24-hour iod in 
at tee minutes. Sunday Holiday 
ey and Manual Control. 


® 
Write for information 


AUTOMATIC ELECTRIC MFG. CO. 


MANKATO, MINNESOTA 


capacities rangin 
AMPERES PER 














should have been more fan 
instruments than they were. 
some familiarity through 

conferences at which membe 

Instrument Department wer 

And changing the process to 1 
instrument work a little easier 
just a theory: we did it! 

Following that period came ti 
lem of putting those plants in 0} 
and we had close to 90 men, practi 
all chemical engineers, out supe rvisin, 
the starting up of operations. 
wasn’t one of those men that c 
have used a large. amount of instr 
ment technology. Most of them 
have it. 

Just before this period of operatigy 
started we sent a small group on a to 
of a number of instrument companie 
They came back with totally new ides 
of what the process did with instr, 
ments on it, simply because they haj 
been around to some of the instrumen 
companies who developed these appli- 
cation theories, not just the means of 
maintenance of instruments and adjust. 
ment of instruments, but how to adapt 
the instrument and its adjustments t 
the process. 

Answering the question then as t 
how many men with fundamental in. 
strument training would be required, 
I would say first, every chemical engi- 
neer, and I don’t see where you ar 
going to lose out at all by giving this 
training to electrical and mechanical 
engineers. So I think that is the answer, 

One more thing. These engineer 
would know a little about instrumer- 
tation. During the design period men- 
tioned, we had about five or six men 
who were writing instrument specif- 
cations and working out special appii- 
cations. If you are talking now of the 
graduate engineer who has been 
through the finer points of Instrumen- 
tation, maybe that is something like 
the ratio, five out of 90, or 6%. Ros 

CHAIRMAN SPERRY: I see Hanson of 
Du Pont shaking his head as if he 
agreed with you on that experience 
It is drawing close to the time when we 
should adjourn, but I saw Dr. Brown's 
hand up and I think it would be fitting E 
if he had the last word. 

Dr. BRown (M.I.T.): Is this the last 
word? I perhaps take a different view 
of this problem of Instrumentation 
from some of you, because I believe 
that “Instrumentetion” and “‘control’ 
are synonymous educationally. I would 
like to state that I think a special cc 
course in engineering schools can teach f 








































































































the fundamentals of Instrumentation ‘ 

without speaking of a specific physiclff  ™ 

condition, because the basic principles p 

of the problem are common to al! ap- - 
plications. 

A control system is a feed-back sys \ 

\ 


tem, the response in answer to a st mu- 
lant is fed back to the front en’ © 
the mechanism and thereby estab! shes 
a regenerative process. The syste, 35 
I look at it, comprises an arre % 
instruments. There may be an in tru 
ment that converts light flux into volt 

















Salt oe Goel aed 


SUPERSONIC 
CRYSTALS 


Curved ... spherical . . . or 
flat supersonic crystals for a 
full range of biological, chem- 
ical and materials testing 
purposes. Crystalab is special- 
ist in them all. That's why 
leading manufacturers like 
Sperry Products, Inc., whose 
renowned Reflectoscope 
employs our supersonic crystals 
—come to us with their prob- 
lems. 


If you have a problem or 
nstrumen product involving the use of 
ese appl supersonic crystals, our engin- 


means i IMPORTED SWISS ee eee cos hem aia a 
id adjust 5-RANGE, CENTRIFUGAL TYPE Lenk i «Sagem - rite Den 


‘° <i AND TACHOMETERS Ke | 











CATLG, NO. 303 CATLG. NO. 346 
en a8 WHE 100-400 RPM 400-1600 RPM 
ental in- 300-1200 RPM 1200-4800 RPM 
required, 1000-4000 RPM 4000—16,000 RPM 
peal ag ee eee 49 CRYSTAL RESEARCH LABORATORIES 
you are OR DETAILS WRITE FOR BULLETIN 
ving this. 750. NO PRIORITY REQUIRED (66:0 8 Oe Ah T5 
echanical : LABORATORIES ANO. MAIN OFFICE: 29 ALLYN STREET aaneeeall 3, CONN 
e answer, HERMAN H. STICHT CO., INC. ’ New York Office: 15 E. 26th Street, New York 10. N.Y Phone MH. § 295? 
miginest 27 PARK PLACE NEW YORK, N.Y 
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Brown’ ©] FOR ELECTRONIC, OPTICAL 
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the last Low-Capacit 
ant view P Y Re WE specialize in the production of 
entation * | front or rear surface mirrors, made to 

believe R E Cr f F i E RS , A your specifications. Closest optical and @ EXCEPTIONAL REFLECTIVITY 
control’ Full 4 hell dimensional tolerances observed. @ ALUMINUM, SILVER, GOLD, etc. 
1 oD cconecende coctiticn, t, | (f Becouse of their proven superiority, @ OPAQUE OR SEMI-TRANSPARENT 
an teac! ge ZENITH mirrors are preferred by many @ PERMANENT CHARACTERISTICS 


aie instruments, test-sets and leading manufacturers of precision 


@ PROMPT SERVICE 


similar applications. Sup- ; equipment. 


plied, since 1930, to leading We invite your inquiry. Samples and 


manufacturers. quotations will be submitted promptly. 


Write for illustrated 
Bulletin 446. 


CHA PT SPECIALISTS iN ~~ = 123: WEST 64th STREET 
UER COMPANY VACUUM DEPOSITION : NEW YORK 23, N. Y 


5055 READING RD., CINCINNATI 2, OHIO 
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Clare Type “‘K”’ Relay, originally de- 
signed for aircraft use, has special 
advantages for applications requiring 
extremely small size, light weight and 
unusual resistance to vikeados. Arma- 
ture is held by a special reed type 
armature bearingmadeof heat-treated 
beryllium copper which is practically 
fatigueless—no anti-vibration springs 
necessary. Short contact springs are 
vibration-resistant. Overall dimen- 
sions are 134"x1%4"x1-13/16"; weight, 
approximately 134 ounces. Like all 
Clare Relays, Type “‘K’”’ can be “‘cus- 
tom-built” to meet unusual require- 
ments. These five features are good 
reasons for specifying Clare Type “K”’ 
Relays in your instrument applica- 
tions: 


kel silver 
2. Nic Set 


of “fatigue- 
Boe Ceryilivm cop- 
insures long li 
and accur ate 
formance un 
bration. 


sures. 


ngs can be supplied in any of the 


occ torms Rown, or any com 
Let Clare engineers “custom-build” a relay 
to your requirements. Write for catalog 
and data book. C. P. Clare and Co., 4719 
Sunnyside Ave., Chicago 30, 
Illinois. Sales engineers in 
all principal cities. Cable 
address: CLARELAY. s 


CLARE RELAYS 


“Custom-Built" Multiple Contact Relays 
for Electrical, Electronic and Industrial Use 
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bination of them. 


| age; there may be an instrument that 
| converts voltage into torque; there may 
be an instrument that receives a torque 
stimulant and causes acceleration of a 
mass that may be a steam valve in 
| a speed governor which throttles the 
| flow of steam to the prime mover. The 
prime mover can be looked upon then 
| as another instrument which can exert 
a change in its speed. It has a certain 
dynamical behavior. Its speed has to 
| be measured by another instrument 
| and the result of that measurement 


| 
| 
| 
} 
| 


x | process is fed back to the primary 


measuring element, which may be the 


‘ | 60-cycle reference that we want in this 


| power station equipment. Therefore, 
| you transgress over a wide field in any 
simple demonstration. You introduce 
| thermodynamics, physics, electronics, 
| and so forth. But you need not go into 
| details of those elements if you are 
| only going to discuss the fundamentals 

of Instrumentation because you need 
| merely to impress upon the student 
| that all equipment involves storage and 
| energy dissipation, that each element 
| can’ be assumed to be a small box in 
| itself: a signal goes in and at some 
| time later a response comes out. This 
| condition can be expressed mathemati- 
cally very well. You can then write 
the complete equation for the whole 
| assemblage of apparatus, you lead the 
| student through the mysteries of dif- 
ferential equations, and then you put 
him to bed very gently and tuck him 
in if you give him a time solution for 
| say the transient speed change due to 
| the application of 1000 kilowatts at 
| the output of the generator. Only then 
| do you become specific. 


As I see it, instrument and control 
problems can be potent as educational 
tools in all departments, regardless of 





whether the problem relates 
engineering in the process 

of oil or rubber, or aeronaui 
neering or mechanical engine 
process itself in my definitio; 
one more instrument, and if y. 
in the student’s mind that he is 
sizing a system which is to gi 
prescribed performance, he m 
up one of these days with the . 
“Let’s go over and talk to the b 
designed that tower and see if \ 
get them to change its characte 
Instead of always attaching an 
ment to a process I would like ¢ 
with you the thought that it ; 
economical in the future to thin! 
taching the process to a new an 
type of instrument. It has happe 
before. 

I can cite the experience in t! 
craft industry. If you let an airf; 
designer have his way he may desj 
an airframe with a stability simi): 
the Rock of Gibraltar and you can’ 

a control on it. What you want j 
harmonious balance between the air. 
plane dynamics and the automatic-pilot 
dynamics so that the airplane flies com. 
fortably for the crew and passengers, 
The control engineer, as I see it, be. 
comes more and more important in the 
industrial set-up because he becomes 
one of the few who realizes the signifi- 
cance of little things here and there 
throughout the entire system. In other 
words, he is concerned with the problem 
of how the elements integrate together 
This feature can often attract good men 
to industry and offer opportunities for 
attaining a high level of authority and 
rank within an organization. 

For these reasons, Campbell wil! say 
tomorrow that servomechanisms courses 
have unusual pedagogic value. This is 
the last word tonight. 


PROCEEDINGS OF DISCUSSION PERIOD, 
THURSDAY MORNING SESSION, OCT. 18. 


(Discussions of papers by Mr. Campbell, Professor Beitler, 
Professor Miller and Mr. Hall.) 


Mr. McMAHON (Republic Flow Me- 
| ters Co.): I would like to raise the 
| question of whether anything as highly 
| specialized as instrument engineering 
| should be introduced in engineering 
| courses at all, whether it has any fit 

place in the training of a real engineer. 

That comes up in two or three dif- 
ferent aspects. The first one is whether 
it is possible to include anything as 
specialized as that and get any ade- 
quate benefit from it, and at the same 
time give the man the really adequate 

| engineering education that he needs, 
| as stated by Professor Beitler. I don’t 
believe it is, myself. 

It is amazing to us who are con- 
cerned with both obtaining manpower 
in our own companies and giving in- 

| struction to men from customer com- 
panies, how many men there are with 
engineering degrees who know nothing 


whatever about anything except their 
own little specialty. 

So from my own angle, the thing 
that educators can do better than any- 
thing else is to produce men with a 
better understanding of physics, chem 
istry, chemical engineering, thermo 
dynamics, mechanics, and those basic 
things that should be known to eng! 
neers. 

However, the second thing is some 
thing which has been my hobby 
some time, something else menticone 
by Professor Beitler and largely 
counted in engineering schools, 
that is that most engineers are 
good citizens. I say that advis ily 
Most engineers have no concé 
whatever of the implications of 
tory. Most of them have no conce’ ‘i 
of the effect of what they are © 178 
today on current history, and t’ ¢ }§ 
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* THERMONICS is the science of temperature control 
developed by Fenwal, Incorporated, by the direct pro- 
cess of determining the needs of industry and science for 
unerringly accurate thermal control of wide applica- 
tions. Many thousands of applications and tests have 
nia the efficacy of the Fenwal Thermoswitch, prime 
actor of this refined and exact science of Thermonics, 
which takes its place of due importance in the field of 
temperature control and thermal regulation. 


Thermonics as a science in itself earns and deserves 
the attention of: 


¢all processes and production requiring regu- 
lation of extreme or moderate temperatures; 


¢ makers of equipment requiring light weight, 
compact, efficient thermal regulation; 


¢ makers and users of machinery, equipment, 
vehicles, wherein a safety factor of control- 
ling or indicating excessive or dangerous 
changes in temperature is essential. 


(a 
VOVIWEEL Inc 


THERMOSWITCHES 
FOR COMPLETE TEMPERATURE CONTROL 





29 Pleasant Street, Ashland, Massachusetts 


YOUR PRODUCT, YOUR PLANT, YOUR POST-WAR PLANNING 




















THERMOSWITCH is the prime factor fizz es =] 
in Thermonics. So many are the func- on 
tions of THERMOSWITCH, and so com- Es 
prehensive is the field of Thermonics, 
that practically all processes of manu- 
facture requiring accurate thermal 
regulation are served by THERMo- 
switcu. Few, if any products whose 
efficiency depends on temperature 
control, exist today or are planned, 
that can omit the consideration of Thermonics in basic 
engineering and the use of THERMOSWITCH for functional 
competency and economy of operation. THERMOSWITCH 
in its many types and adaptations, offers a lightweight, 
compact vibration-proof, highly sensitive yet rugged 
regulatory and detectory unit of almost unlimited utility. 


Fenwal's data folder on Thermonics will prove of 
value to engineers. Your copy is ready for you. 
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A BEGINNER can take 
his first reading 
perfectly with 


ASSOCIATED 
RESEARCH 


TACHOMETER 


Indicates correct speed by holding tip 
against revolving shaft. Speed indicated on dial 
regardiess of direction of shaft rotation. 
Centrifugal type. 
stantly and continuously. 
3 ranges: 300-1200, 


ASSOCIATED 





Cross balance governor prevents oscillation of pointer. 
Not affected by temperature changes. 


1000-4000, and 3000 to 12,000 R.P.M. Other models for wide ranges. 
Stationary and portable. 

VIBROTEST* Associated Research Insulation Resistance Tester has 

ALWAYS been MODERNIZED—THAT IS WHY IT IS CRANKLESS. 


OUTSTANDING MODERN DESIGN of VIBROTEST includes 
self-contained Push Button operated power supply producing steady, 
constant test potential. 
and reliable Insulation Resisance Tester ever developed. Available 
up to 20,000 Megohms and to 1000 volts DC. 

Model 201 (shown). 
0-2000 ohms for continuity and low resistance testing and 0-150- 
300-600 volts AC and DC at 1000 ohms per volt. 


Engineering Bulletins Available 


233 S$. GREEN STREE 
Engineering Service ~ FO in all Principal Cities 








Measures 
RPM and feet 
per minute 


Indicates speeds in- 
Requires no lubrication. 


Unquestionably the most simple, accurate 


Ranges 0-200 Megohms at 500 volts DC., 


RESEARCH INCORPORATED 
CHICAGO 7, ILLINOIS 








A high grade instrument for measuring re- 
sistances from a fraction of an ohm to 10 
megohms. Contains a 4-dial rheostat, ratio 
dial, galvanometer and battery, all enclosed 
in a substantial walnut case. Nine coils per 
dial. Accuracy .1%. Built to endure. 


Cat. No. 1052—Portable Wheatstone Bridge 
without Murray and Varley Loops.$90.00 


” Cat. No. f050—Portable Wheatstone Bridge 
with Murray and Varley Loops. ..$110.00 


Send for Bulletin No. 100 


RUBICON COMPANY 


Electrical Instrument Makers 
Ridge Ave. at 35th St. Philadelphia 32, Pa. 
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DEFENDER FITTS TYPE 


ADJUSTABLE 
CHRONOMETER VALVE 


The longest lived Valve made for 

hot water or steam or any other 

chemical or fluids or oils that 

would soon wear out any of the 

piston or balanced type valves. 
This is a proportioning type Double 
Valve, easy, and quick to adjust for any 
capacity, each of the two valves separate 
from the other. 

It can be hand-operated or motor-oper- 
ated as illustrated. We have a complete 
line of low, medium and high pressure 
stats and also temperature, float, liquid 
level and feed water regulator stats 
shown in our new Bulletins No. E-3 and 
E-4, Write for same. 


A new 32-page Pocket Catalog No. 16 which 
has 166 illustrations is now ready for distribu- 
tion. Write for it also. 


Defender Instrument & Regulator Co. 


ST. LOUIS, MO. 








shown by the current disc 
Washington on the atomic b 
scientists are speaking up, bv: 
is no attention paid to them, - 
is going to be politically sett); 

We are responsible. We ha, 
made ourselves prominent in 
affairs. Most engineers have a 
viewpoint and little understa; 
the significance of current hap 
Businessmen and lawyers hav: 
those things and they are runn 
country. They look upon us 
nicians to do what we are told 
have any voice in determining 
to be done, and that again is our fault 
It implies a great lack in engi ering 
education. The average engineer, for jp. 
stance, probably has never made any 
study of the implications of the Sermon 
on the Mount as being related to the 
Constitution of the United States, ang 
yet one follows logically on the other MF 
You can’t trace those things unless 
you know something about political and 
economic history. 

The engineer, it is common com. 
plaint, has extreme difficulty express. 
ing himself, and the opinion of the 
engineer is that the man who goes 
through an academic course has loafed 
through school. That is not true to- 
day. The engineer would be resentful 
if he were required to turn in a 500- 
word or 1000-word theme every day, 
and yet he would be better able to ex- 
press himself and would be a better 
citizen if he had had that requirement. 

Considering the implication of those 
things, I should like to raise the ques- 
tion of whether engineering education 
has any place for anything as spe- 
cialized as Instrumentation education. 
It is my opinion that the courses which 
could be better introduced into the cur- 
riculum are courses in liberal arts. 

Let me point out one mistake that | 
think the colleges have made in that 
connection. The colleges have not had, 
for their courses in English and other 
liberal art subjects, instructors who 
were of the first grade. You have to 
have a man who is a master of his sub- 
ject to hold the attention of men who 
feel that such a thing has no place in 
the life of a real honest-to-God he- 
man engineer. It can be done; first- 
raters will do it. Second-raters won't 
and the engineer will come out with 
no mastery to express himself to the 
general public. As a specific example 
of the things I speak of, I gave an ex- 
ample of the atomic bomb. 

Second, I should like to know how 
many men here, for instance, have rea¢ 
“The Road to Serfdom,” and yet t 
is the only important book on 
nomics that has been written in 
years. I doubt that very many of 
here have read it or grasped its 
plications. Yet an engineer, part 
larly an operating man, a fellow 
has had very much experience 
industrial processes, will grasp the 
plication of what that author is t: 
to say better than anybody else 
cause he is talking about the 
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rrection of the economic sys- 
competition. Every one of us 
hat that means if we have had 
rience in industrial processes. 
ive to start thinking that way 
the things we lack. We can’t 
we are relegated to the role 
ly slightly superior mechanics, 
icians. 

ssork BisHoPp (University of 

‘eh): Speaking of the experi- 

have had in setting up courses 

‘umentation, we went to the in- 

ists of Pittsburgh and got Mr. 

re of the Gulf Oil Company to 

- course for us. In the last four 
he has given ten or twelve 

We have had research work- 

n the Bureau of Mines on high- 
e work. This semester for the 
me he is giving a course open 
for graduate credit and we had 53 
praduate students enrolled, showing 
the interest on the graduate level. 

I would like to have Mr. Pellettere 
ell you a little bit about the course. 
We have had a great deal of codpera- 
ion from the instrument men; they 
sent 200-pound boxes of literature to 
our office to be presented, and so on. 
r. Pellettere. 

Mr. PELLETTERE (Gulf Oil Co.): I 
feel sure that Mr. McMahon meant the 
four-year, 135-week period, and _ it 
seems difficult to fit extra courses into 
his period, I do feel, as Professor Beit- 
er stated, that fifth-year work is the 
only place for instrument study courses. 

The hunger among graduate students 
in the industrial instrument line indi- 
ates that such fifth-year classes will 
have high-grade students. 

I say in each case there is a method 
of justifying whether or not a company 
is in need of an Instrument Engineer. 

After a unit has been completed and 
in operation for approximately a year, 
one often finds many instruments no 
onger being used by the operators; or, 
many instruments have been added to 
he job to please the Operating Division. 
If one finds this condition existent, 
such condition reflects the need of an 
nstrument Engineer to act as a coordi- 
nator between the contracting designer 
and the Operating Division of the com- 
pany for whom the equipment is built. 

We know instrument companies can 
se graduate Instrument Engineers, but 
again, I feel that they would rather 
have green men for research work, since 
their patents limit work to a definite 
pattern and they would rather have 
hew men work accordingly. 

In 1942 we started giving courses and 

we drew everything, from an A. & P. 
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boy who wanted to do better, to grad- 
lates seeking more data. As we went 
Into the second course there were some- 
thing like 32 students left. We later 


gave a short course in electronics as 
applied to six or seven commercial in- 
struments, in an attempt to explain ra- 


dio tube applicationin a simple manner. 

Mr. Sperry (President I.S.A.): I 
would like to bring up another question 
that I would like to hear a little more 








TELEPHOTO TRANSMITTER 


The Alden Universal ‘Standard 
Signal" Scanner transmits pictures 
by wire or radio. Sharp reproduc- 
tion can be maintained only when 
sending and receiving instruments 
revolve in perfect synchronism. 

Bodine motors are used to pro- 
vide synchronized power, due to 
their accurate and rugged construc- 
tion. 
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BODINE 



































— MOTORS: 


instrument applications 









for important 





Advances in Bodine small motor 
design and construction have kept 
pace with the rapid development 
of precision instruments ... in 
fact, the progress of these fine 
motors and instruments go hand 
in hand. 

Good engineering has made 
Bodine Motors small, compact... 
yet highly efficient. Careful con- 
struction has resulted in low 
friction losses . . . closely main- 
tained bearing surface limits. 
Each Bodine motor operates with 
clock-like precision and gives long 
serwice life. Bodine engineers are 
available to help you with your 
motor application problems. 
Bodine Electric Company, 2244 
W. Ohio St., Chicago 12, Il. 


MOTORS 








FRACTIONAL 
HORSEPOWER 








PLASTIC RADIO DIALS combine the beauty 
of radiant color with the utility of perfect 
light transmission. 


The possibilities of design, size, shape and 
color combination are limitless. 

Whether your problem is dials, or any of 
hundreds of allied applications, let Hopp 


artists and engineers ‘‘sitin” on your design- 
ing problem. 


Send us your blueprints or samples for quotation. 





THE HOPP PRESS, INC. 


460 WEST 34th 


ESTABLISHED 









STREET, NEW YORK 1, 
1893 
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PALMER “Red-Reading-Mercury” Thermometers are created by the 
skilled hands of Master Craftsmen, who produce Instruments for 
Temperature Indication and Recording, that are dependably accu- 


rate... ALWAYS. 


Leaders in practically all Industrial Fields, without exception, use 
PALMER Thermometers in the products they make. Easier reading, 
lower maintenance and rugged construction make them a basic part 
of many of the world’s finest products. 


That is why engineers, all over the world, specify PALMER. Let us 
help you solve your Peacetime Temperature problems. 


(Write for Catalog) 


about: on the question of the university 
curriculum. Taking up McMahon’s 
point, which was somewhat raised by 
Beitler and others previously, there are 
many other things that we could criti- 
cize if the heading of this conference 
wasn’t “Instrumentation.” However, re- 
ferring to Campbell’s talk about the 
servomechanism group, I am not en- 
tirely clear whether M.I.T. have any 
plans to include any of this material 
in undergraduate work and I would 
like to hear some comment from them 
on that. 

Mr. CAMPBELL: We have worked for 
approximately five years developing a 
graduate program in servomechanism 
theory and I firmly believe that the es- 
sence of the teaching that we do now 
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in the graduate school can serve as a 
guide for teaching in the undergraduate 
school. 

I do not believe that specialized In- 
strumentation and _ servomechanisms 
theory can be taught in the undergrad- 
uate engineering school program. I 
agree with Mr. McMahon in this, but 
what I claim as the great value of the 
servomechanisms approach as we have 
taught the subject is that a proving 
ground for engineering is provided by 
this type of course. It is not important 
that you should teach servomechanisms 
theory or Instrumentation theory, but 
it is important that you get down into 
the undergraduate level an idea of cor- 
relating, bringing together, at the ter- 
mination of a man’s undergraduate ca- 


| reer, the concepts that he ha 
|in mathematics, mechanics 
chemistry and the like. I fee] , 
vinced that we are doing this ; 
the graduate students. A new | 
will begin in November, cons 
'a professional elective course 
| matic control principles prima 

| tended for undergraduates. Th 

| content will not be servomecha: 
will not be Instrumentation, it 

| be process control, but it will 
some discussion of all of these 

as an interesting means of ty 
gether undergraduate engi 
training. 

We hope the new course wi 
_place where a man can find n 
interesting methods of applying «: 
|lus, new and interesting method 
using mechanics, a new and interest 
| way of looking at electrical machi 
| Finally we hope to develop in th< 
| dents an aggressive course attitud 
| carrying on their own education, w} 
er they go on into the graduate sc 
or whether they go into industry. 


Mr. McMAHON: I would like to make 
a remark about that also. I think the 
feeling of the instrument manufactur. 
ers is that they prefer to get as men 
for their engineering departments, or 
application or sales engineering depart- 
ments, men who have had some actual 
experience in operation in industry, 
preferably in rather complicated proc- 
esses, because from our standpoint we 
find it a great deal easier to make con- 
cepts of automatic control clear to men 
who have already had some feeling of 
how the process acts, rather than to 
first train men to understand how proc- 
esses act and then go into instrumenta- 
tion. I think those who are hiring men 
will agree that it is much more diff- 
| cult to do both types of training. 

Also I might make this remark to Dr. 
Miller as to what~you can put up as 
laboratory equipment. Don’t set up 
processes, set up simulated processes. 
One of the most helpful things in the 
world, and one of the things the cus- 
tomers’ men like better than anything 
else, is to work on some simulated proc- 
ess without burning the whole plant 
down around their necks. The man can’t 
do that in his own plant and that is 
perfectly fascinating to him, because 
particularly the men who have been out 
doing instrumentation work have been 
wanting to try it, and then the produc- 
tion superintendent comes around and 
says, “What are you doing here?” and 
then they have to quit it. 

A MEMBER: I have been suffe 
from inhibitions due to ignoranc: 
feel with Dr. Brown of M.I.T. that t/:¢ 
may be some misunderstanding on 
nitions. Mr. Hall seems to think tha 
the undergraduate course we mig! 
able to give a man his tools, an 
goes so far as to say: so that he ° 
manipulate the machinery and ta’ 
to pieces and see how it works. 
is a tough assignment. 

I know that the General Electr: 
Westinghouse people have men 
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SOMETIMES, in our hurry to get there, 
we neglect the shortest way home. 


For example —the solution to many 
bottlenecks in temperature regulation 
may be found in the photograph above 
...0r this message itself may suggest an 
answer to your problem. 

Fulton Sylphon thermostats and bel- 
lows assemblies are the basis of controls 
used in every industry. They regulate oil, 


water, and air temperatures; they func- 
tion in engines on land, sea and in the sky; 
they do an amazing number of jobs in 
manufacturing plants, institutions, homes. 
Automatic in operation, they eliminate 
countless manual tasks. 


Fulton Sylphon engineers will work 
with you, help find the most effective and 
econcmical answer to your problem. 


NEW MOVIE-The Story of a 
Bellows is available to interested 
groups. 16mm and 35mm sound. 
Tells all about bellows, how they're 
" made, what they do, how they do it. 


E0 SYPRON (2 KYBIVILE TERMESSEF 
Catalog VE-1300 tells all about 


Fulton Sylphon bellows and bel- 
lows assemblies. Write for it. 
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Long Scale, Wide Range Volt-Ohm-Milliamm. 2 


DOUBLE SENSITIVITY 

D.c. VOLT RANGES 

0-1.25-5-25-125-500-2500 Volts, at 20,000 
ohms per volt for greater accuracy on 


Television and other high resistance 
D.C. circuits. 


0-2.5-10-50-250-1000-5000 Volts, at 10,000 
ohms per volt. 

A.C. VOLT RANGES 

0-2.5-10-50-250-1000-5000 Volts, at 10,000 
ohms per volt. 

OHM—MEGOHMS 


0-400 ohms (60 ohms center scale) 
0-50,000 ohms (300 ohms center scale) 
0-10 megohms (60,000 ohms center scale) 


DIRECT READING OUTPUT LEVEL 
DECIBEL RANGES 


—30 to +3, +15, +29, +43, +55, +69 
DB 


TEMPERATURE COMPENSATED CIRCUIT 
FOR ALL CURRENT RANGES D.C. MICRO- 
AMPERES 


0-50 Microamperes, at 250 M.V. 


Write for descriptive folder giving full technical details. 


D.C. MILLIAMPERES 
0-1-10-100-1000 Milliamperes, at 250 


D.C. AMPERES 
0-10 Amperes, at 250 M.V. 


OUTPUT READINGS 


Condenser in series with A.C. Volts 
output readings. 























ATTRACTIVE COMPACT CASE 


Size: 212" x 5Y2"'. A YTeadily portabi: 
completely insulated, black, molded cas 
with strap handle. A suitable black, leathe 
carrying case (No. 629) also available, wit 
strap handle. 


LONG 5” SCALE ARC 


For greater reading accuracy on the Triplet 


RED®DOT Lifetime Guaranteed meter. 


SIMPLIFIED SWITCHING CIRCUIT 


Greater Ease in changing ranges. 














Instrument 
Engineer. a 


wants to contact instru- 
ment manufacturers for 
sales and service on a sal- 
ary and/or commission 
basis. Wide experiences 
with industrial and ma- 
rine instruments. 


BOX 104 


Instruments PUBLISHING COMPANY 
1117 WOLFENDALE STREET 
PITTSBURGH 12, Pa. 








( ‘RGANIZATION established 
over % century success- 
fully marketing electrical 
& industrial instruments 
nationally seeks contact 
manufacturers instru- 
ments & kindred lines in- 
terested nationwide sales 
outlet among industrial 
plants. Our customers’ list 
reads like “Who’s Who in 
American Industry.” 


BOX 103 
Instruments PUBLISHING COMPANY 
1117 WOLFENDALE STREET 
PITTSBURGH 12, PA. 
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years of experience to come around to 
tear the thing to pieces, and I am sure 
that General Electric and Westinghouse 
feel the training they have given these 
men was part of their duty, not a part 
of the duty of the college. 

In our basement we have very com- 
plicated machinery and mechanisms, 
costing thousands of dollars, and I don’t 
think I am misquoting the Taylor Model 
Basin when I say that they prefer to 
get a man with good fundamental train- 
ing and later give him specialization. 

As for public speaking, I have wished 
I had more, but if we try to give com- 
panies all they want in educated and 
trained graduates, we will have not a 
five-year course but a six-year course. 

PROFESSOR JONES (Northwestern Uni- 
versity): I would like to take just one 
or two minutes to develop an idea which 
I think Mr. Campbell mentioned earlier 
this morning, and one which I feel is 
most important in any engineering 
training. Mr. Campbell has already 
mentioned the function of servomechan- 
isms as an integrating factor in a col- 
lege career. Such a course also offers 
the possibility of developing the syn- 
thetic approach, which I admit is lack- 
ing in about 90% of what we do in 
college. What I mean by that is simply 
this: If one looks at the problems in 
textbooks, most of them are artificial 
situations in which one has to come out 
with a number, that is the answer. In 
only a very small percentage of those 
problems is one faced with a typical 


situation, that of designing a system 
or a machine to achieve a given objec- 
tive. I think that control or servomech- 
anisms is an ideal subject from that 
standpoint, in that it enables the stu- 
dent to set up a system, predict the re- 
sults and check his results quantita- 
tively. 

But I would also mention at the same 
time that if a course so handled is go- 
ing to serve its purpose, it must be 
done on a thorough quantitative basis, 
and that a purely qualitative discussion 
will not train the student to face a 
problem and create a solution, eit 
on paper or partly on paper and partly 
in the laboratory. 

Mr. Pigott (Gulf Research & 
velopment Co.): From the conversa 
tions so far it seems we can sun 
the results of this Conference as 
fusion as to whether you are going 
be able to turn out a completely 
ished and polished engineer after 2 
certain number of years of educat on, 
or not. There are at least two prince pa! 
factors which must be considered 
to now, we have discovered, we ar 
turning out such an animal, and 
experience is essential in any lin 
specialization. The thing that has s! 
up plainly is that not enough of ' 
fundamentals are taught in the c 
courses so that the man placed 
situation can specialize readily. 

Let’s say the average student h 
tellectual capacity, perhaps 20 
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hat he can get a certain amount 
ledge in four years and you 
‘+k any more into his head than 
that. you are doing in college edu- 
, you hope, to equip him with 
4 fine et of tools for work and you 
) to have encouraged him to use 
his ov mind without outside stimulus. 
More ian that you cannot do, and you 
o time replace experience, even 
in th: ourest scientist. 

Th fact is that if you have only a 
jimite time and limited mental capac- 
ity, y 1 ought to put the basic stuff in 
frst ..d whatever specializations you 
have ‘me for at the end of that, wheth- 
er it b> teaching in history and culture, 
as McMahon said, or teaching 
servo: echanisms; these should be left 
to the end, when the student is supplied 
with asic material but some time is 
left. And the man who employs him 
will have to hope that he will continue 
to educate himself. 

One cannot escape these facts. It is 
shown plainly in this Conference that 
we are asking the colleges to do too 
within the time and intellectual 





SHERMAN (Student, Carnegie 
Tech) : I would like to ask why the stu- 
dent engineer should have specialized 
courses in Instrumentation if there are 
so many types of instruments in even 
one field that it is impossible to become 
acquainted with any but the most basic, 
sinee the branch of engineering—re- 
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search, development, manufacturing, 
processing, or sales—into which we will 
enter will depend on the job we will 
get when we get out of school? It seems 
to me that the years at college should 
be used to give basic knowledge, and in 
the light of these discussions, does it 
seem reasonable to have specialized 
courses in instruments? 

Dr. GoRDON (Tennessee Eastman 
Corp.) : I would like to emphasize what 
this young gentleman brought out, and 
would like to pose this question: After 
all, how many of us in this room—and 
each one can answer for himself—is 
now working in the line in which he 
specialized in the university? 

Mr. McMAHON: One of the aspects 
of the question is the matter of ethics. 
It is supposed to be fundamental that 
engineers have professional ethics. I 
don’t know how they acquire them, 
there is nothing in the engineering 
course that even tells them what pro- 
fessional ethics are, in fact, there is 
considerable argument on whether en- 
gineering is a profession. 

PROFESSOR WILLIAMSON (Carnegie 
Tech): May I say something about 
fundamentals, including English. As a 
teacher of one of the fundamentals I 
should like to put before you the idea 
that no one learns the fundamentals 
by going to classes on fundamentals. It 
takes meditation. You have to put 
thos» things on the back of the stove 
and let them simmer for years. You 
«xp se the student to some training in 
fun amentals and then you hope that 
in ‘1e upper-class courses the funda- 




























































WE hope you never have injections like injection molding 

machines. They get injections so rapidly and under 
such high pressures that the shocks are terrific. These ma- 
chines for molding plastics require pressure gauges. Ordin- 
ary gauges made with spur geared movements can’t take 
this punishment — they are wrecked in no time at all by 
the sudden and violent pressure fluctuations. But Certified 
Gauges can take it. Only Certified Gauges with the Helicoid 
movement stand up under such severe service. 


This is only one typical example ot how Certified Gauges are 
cutting down maintenance expense 
in industry. Most every plant has 
pressure gauge trouble — brief serv- 
ice life, frequent repairs, inaccurate 
indications. The answer to such 
trouble has been found by all those 
companies now standardizing on 
Certified Gauges. 


See your nearest Distributor. 
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Mode! 33:F, Full-cycle increment, shown indicating 
frequency of 60 cycles. Black dial for special application. 


Here ate the pacts On 
J-B-T “PATS FREQUENCY METERS 


Half-cycle increment, +0.2%; full-cycle increment, +0.3%, This 
accuracy is not affected by normal temperature change, wave form 
or external magnetic fields. 


Made in several sizes, most popular of which is the standard 3%” 
panel mounting model. Also made to meet C39.2-1944 ASA specifi- 
cations and Jan-I-6 for mounting and stud size of Electrical Indicat- 
ing Instruments. No external reactor. 


Model 31-F, 34 inch, 5 reeds, weighs only 0.54 1b; Model 33-F, 
3% inch, 11 reeds, 0.59 lb. Other models are correspondingly light. 


Will operate on voltages as low as 8 volts. Standard 110-115 volt 
models will operate satisfactorily over range of 100 to: 130 volts. 
Also made for narrower voltage variation if desired. (Incidentally, 
current consumption is low. For Model 33-F, for example, ¥2 watt 
at 11SV.) 


No parts to wear out or get out of calibration. All are securely 
anchored to the base with lock washers at every critical point. The 
only movement is at the free end of the spring steel reed. J-B-T 
meters on portable field equipment have established an enviable 
performance record. 


J-B-T Vibrating Reed Frequency Meters are 
available for frequencies from 12 cycles to 525 
cycles with various reed groupings, increments 
and case sizes. For additional facts on the com- 
plete line, send for Bulletins VF-43, VF-43-1A 
(400 cycle Meters) VF-43-1B (242” sizes), and 
VF-43-1C (interesting new applications) 


(Manufactured under Triplett Patents and/or Patents Pending) 





How to Get Your Money's Worth 
in FREQUENCY METERS — 











mentals will be continually ; 
and brought out, and that 
class instructor will show 
using them. 

Isn’t it the same with En; ish? y, 
three children haven’t learne: to +; 
or write; that is up to the x 
the colleges. Maybe some day 
know how to read and writ« 
it will be because they go to c 
the college instructor, amon; 
things, insists that they read 
they write. He is working 
fundamentals, showing they a: 
and exacting standards all 
along. 

I don’t believe that the type of 
course in pre-engineering education jg 
badly chosen at all. Even though | 
teach a fundamental, I don’t care if 
no more time should be devoted to it 
but what I want very much is this: 
that no matter what the upper courses 
may be, the instructors in those courses 
will continue to emphasize and demand 
efficiency in the fundamentals. I don’ 
think it matters very much what ay 
engineer’s college specialty is; the im 
portant thing is that the fundamental 
things should be continually, con 
scientiously used. Then whatever he 
turns to later on, his mastery of thosd 
will grow. It won’t be complete, not 
if he lives to be a hundred, but it will 
be better all the time. 

Mr. WILDHACK: One of the reasons 
I urge so strongly giving a survey 
course to all students is just the thing 
that the student pointed out, there are 
sO many instruments and they are from 
so many diverse lines. This student 
doesn’t know just exactly what line he 
is going to get into—though when he 
does get into it the chances are that 4 
very considerable portion of his work 
will be related to instruments. 

This is true and getting more and 
more true in all lines. Is it not there 
fore reasonable to believe that he would 
be better equipped in whatever line 
he gets into if he has had at least a 
passing acquaintance with the funda- 
mentals of Instrumentation, or perhaps, 
I should say, a course in “Instru- 
ments—Their theory of operation and 
their application”? In studying the ap 
plication of instruments the student 
will get an acquaintance with all the 
other lines in which he may find him- 
self, even though they are not closely 
allied to what he thinks will be his 
specialty. I argue here not for a spe 
cialized course in Instrumentation but 
a generalized course in Instruments 
tion for the general practitioner. 

I believe firmly that we should have 
some courses in Instrumentation in the 
physics department. But after a@) 0 
physics is the mother science; when youg| ¢ 
get it out to the art of applying ’ 
science it becomes engineering. ~0 ! 
think one of the big problems the edv- 
cators have is the problem of ¢ 
this wide survey course to juni’ ? 
senior students in all of the bra <i be. 
of engineering. 
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Here is the all-purpose moisture testing instrument you have 





h all th been waiting for. 

find him- Each button of the electrode is individually spring-cushioned 
it closely to allow maintenance of contact regardless of contour — no 
'l be his points to break off or injure surface. It is completely portable, 
ra spe and can be operated by anyone. 

ition bu The same exacting scientific research and precise engineering 


development that have made L-2 (lumber) and V-2 (veneer) 





enta 
ogg models of Moisture Register the standard in their fields make 
nid have the new model K-2 an accurate, dependable addition to this 
-~* famous line. Write today for complete information, specify- 
mu _ ing type of material and per cent range 
ter ail, Direct yeading of moisture content you wish to test.— 


vhen youm| dic! shows mois- 
ing hat ture content of: 


Moisture Register Co., Dept. F, 133 North 
Garfield Avenue, Alhambra, California. 
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Tiny but essential are screws and other 
threaded members of modern industrial 
assemblies. Thousands of sizes and types 
of screw machine products are on the mar- 
ket for ready sale. Yet today sees some 
new design of instrument or machine in 
which mechanical function must derive 
from a screw machine product heretofore 


never known. 


At this point Waltham Screw Company, 
its designers, its engineers and its precision 
machines come forward with the ability to 
produce the vital unit, to engineer it to ex- 
act specifications in whatever volume re- 


quired. 


mthe wasp, whose hexagonal cell-measure- 


E> 
tte Fe 


ent never varies, is Waltham Screw Com- 


any’s hall-mark. It denotes utter preci- 


Telephone Today Collect 
Waltham 5830 


LTHAM SCREW 


Caw FA OY 
71 Rumford Ave. 
Waltham, Mass. 
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I Wan ar Peacetioe.. 
tH STANDARD SOLDER 
for Every pAfeplication 


e@ Whatever the production change-over . . . from bombers to 
sport planes or tanks to roadsters . . . Kester Cored Solders re- 
main industry’s standard—right for every type of precision and 
quality manufacturing! 


e Kester Cored Solders, a number-one aid to speedy reconver- 
sion, are virtually mistake-proof in application—trouble-free in 
operation. The flux is right in the core, scientifically balanced 
with superior alloys, ready to be applied in one simple operation. 
Solder-bonds formed the Kester way are clean, tight, and hold 
permanently against shock, vibration, bending, and the contrac- 
tion-and expansion of temperature extremes. 

e Kester Rosin-Core Solder, specially compounded for electrical 
application, will not harm insulation nor cause corrosion. Kester 
Acid-Core Solder, for general work, is the ideal all-purpose 


solder. Both are available in a wide range of strand and core 
sizes, flux and alloy combinations. 

e@ The 46 years of practical Kester experience and research are 
at your service. Kester engineers will gladly work with you on 
any solder problem—and at no obligation. Write them fully, 
anytime. 











% BUY VICTORY BONDS % 


KESTER SOLDER COMPANY 
4216 Wrightwood Avenue., Chicago 39, Ill, 


Eastern Plant: Newark, N. J. 
Canadian Plant: Brantford, Ont. 
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| kinds, These include devices for weighing masses, det 


INSTRUMENTS AND MAN 
(Continued from Page 759) 


with their international outlook and tested know 
put their shoulder to the wheel. But time is shor 


1 th 

sooner the better. For instruments have revoluti d 
only mankind’s senses but also its power to act. 7 
Naked thought is helpless; even to communic ts 
quires the verbal instrument of language and to ne 
and spread it requires material tools. From chix sie 


glyphics to inked parchments to printed books t: ety] 
and radio, instruments have increased in efficienc ' 
formance and the power of ideas has multiplied 


f per 
conse 


quence until they can topple kingdoms. The pen h s try| 
become mightier than the sword. 

But material power has increased as well as the p. wer o 
ideas. Instruments turned horse plows into bulldozers, hors 
carts into air clippers and horse power into atomic power 
Instruments revolutionize not only our concepts of time anf 
space but also our control of them. Even before the atom 
age, each man commanded, in this country, an average of |! 
horsepower. And the atom bomb is more powerful t)an the 
pen, as the panzer divisions had become for a time morg 
powerful than the truth. 

You have read in recent weeks the statements of the Asso 


ciation of Atomic Scientists, who developed the bomb, and 
of some of their individual leaders, as Arthur Compton 
They all say one thing, as I do now from a different approac 
—science has now given man such stupendous power tha 
the best knowledge, the best intentions, and the most drastit 
determination must be exerted if men are to live togethey 
rather than die together. Many of our law-makers and ou 
leading military men, as General Marshall, see this equally 
clearly, but some do not. And the people as a whole are stil 
thinking of the new atomic world as of Sunday supp!emen 
or Buck Rogers stories, far away and unreal. When Eng 
land was down for the count of nine, and knew it, there wa 
no quibbling on arrangements and details of sovereignty 
Overnight the offer of joint citizenship in a joint nation wa 
offered to France, which had taken the full count of ten 
Could there be any hesitancy in forming a realistic wor! 
government if men really knew that they are now in greate 
peril than England was then? 

Scientists and technologists are now presented with thei! 
supreme test and their supreme opportunity. Never beford 
has mankind been so completely at the mercy of the materia 
power unleashed by science, never before has it been so will 
ing to accept the advic:: of the scientist in controlling an 
directing this power, to face and apply truth rather tha 
wishfulness; never before has the technologist been undef 
such a compulsion to hammer home to all, to hammer int 
deep-felt acceptance not surface word homage, the certainty 
which flows from his knowledge: that mankind will live i 
“One World—or none.” Those of us responsible for instru 


ments have become responsible for the future of man. Wé 


must not say, with Cain, “Am I my brother’s keeper?” 





TRAINING INSTRUMENT ENGINEERS 
(Continued from Page 779) 
familiar with those portions of all branches which direct!) 


affect him in his instrument work. The conventional ong 
neering courses are not designed to train instrument «ng! 


neers but rather to prepare competent specialists in thé 


fields indicated by their names. Each covers far more te! 


ritory in its specialty than the instrument engineer req ire 


and does this at the expense of familiarity with | ‘he 


branches which the instrument engineer needs. A brief con 
sideration of some of the applications of instrumentat 
the rubber industry will serve to emphasize the exte 
diversity of the field. 

In the research and development laboratories wher: "¢' 
products and processes come into being, one encoun ‘5° 
most important and varied application of instruments «2 
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‘es and pressures, measuring dimensions, metering | 
asuring and controlling time, temperatures and all 
physical, chemical and electrical properties of ma- 
nd products. Some are very specially constructed 
cular purposes or for extreme precision. Others are 
al application. They range from the delicate ana- | 
valance capable of weighing a pencil mark to the 
sting machine which can rupture a bar of steel and | 
ie cathode-ray oscillograph to the electron micro- 
The scientists and engineers concerned with their 
application and use must be thoroughly familiar not 
th how and why they work but also with what is 
ng in the article or process being tested. Without | 
ents there can be no tests—and it is only by such 
ments that progress can be evaluated and that prod- 
d processes can be brought to the point where they 
able for large-scale manufacture. 
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ers, horse 1 commercial production is reached, the instrument 
mic power proble n changes. Accurate measurement is no less impor- 
f time ang tant t:an in the laboratory but control applied to repetitive 
the atomig r con inuous operations—to assure the maintenance of the 
crave of ME desire’ quality and quantity throughout large masses of 
1] than the production—becomes a most important objective. In the de- 
time mor@lyising of such controls and in making them automatic so 
that personal variations are eliminated and accuracy and 
f the Asso uniformity are improved, the instrument engineers of today 
bomb, andfhave made outstanding contributions to industrial progress. | 
Comptonjf These controls are just as diverse and cover as many fields 
t approackof scientific knowledge as the methods of measurement used | 
ower thaf™in the laboratory. In fact, the instrument problem is more | 
ost drasti@involved because of the greater sturdiness required for con- 
e tovethegm stant use under factory conditions and because of the more 
rs and ougg complicated mechanization which is often involved. A few 
1is equallexamples from the rubber industry may be of interest and 
le are stiljmay serve to emphasize the necessity for broad training of 
upp!emeng™ instrument engineers. 
Jhen Eng’ As most of you know, rubber compositions are com- 
there wag pounded by the incorporation of various chemical ingre- 
vereigntymdients to impart to them the properties which make them 
1ation wag suitable for the use for which they are intended. The dif- 
nt of tenffferent characteristics of an inner tube, a tire tread or-a 
stic worl@§battery jar are obtained by this means. The compounding 
in greategmis done according to a predetermined formula specifying 
the relative weights of the various materials employed which 
with theijfare assembled in proper proportions on a batch system 
ver befor@™prior to mixing. For large-scale production it frequently is 
e materianecessary to prepare a great many of these batches con- 
en so will#secutively, each one exactly like its predecessor. Formerly, 
olling an@jthe preparation of the batches and the proportioning of the | 
ther thamjingredients was a manual operation carried on by a worker 
een undemgequipped with ordinary weighing scales. With the advent of 
nmer int@the instrument engineer, automatic weighing-and-propor- 
certainty tioning has been developed for many materials so that now 
rill live im™f through the use of hoppers, proportioning devices, auto- 
or instrug§ matically-controlled valves and automatic scales, the ele- 
man. Wa@jment of human error has been largely taken out of this 
yer?” fundamental process involved in preparation of all rubber 
compounds. The old method however, must still be employed 
where only a few batches of a particular mixture are re- 
RS quired or where the physical nature of a material renders 
it unsuitable for this type of handling. 
Since rubber compounds when in the processing stage | 
h directly Must be warm and plastic and since their treatment with 
nal engigg excess heat over a period of time causes the rubber com- 
ent engiqPOund to become vulcanized or elastic and in a form un- 
ts in tha Suitable for further working, proper control of temperature 
more ter 2nd plasticity is of great importance in rubber processing. 
- req ireal By applying contact type pyrometers to the mixing mills 
ith .theqand by devising instruments like the Mooney Plastometer 
yrief congj 2nd the Olsen Hardness Tester for measuring the actual 
itati » ing Plasticity and curing properties of the mixed rubber, the 
ten andg instrument engineer has taken much of the guesswork out 
of the rubber factory mill-rooms. 
here new After mixing, the next step in processing rubber com- 
un pounds frequently involves the shaping of the compounded 
nts f ali anc mixed material into sheets of definite thicknesses by 
lets mil sens of calenders or into various other forms by extrud- 
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* Built to assure lasting satisfaction, 
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For 78 years Moeller Products have set the standard 
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ing through dies. Calenders are also used for coating rub- 
ber on the surface of fabric or for actually forcing it into 
the interstices so as to give thorough impregnation. In these 
operations, accurate control of the temperature of the ma- 
terial is even more important than in mixing and, tradi- 
tionally, it has depended on the judgment and skill of the 
calender operator who, like the old style steel heaters, took 
a look at the batch and how it was running and turned on 
more or less heat as dictated by his long experience. This 
man was—and still is—one of the most skilled production 
operators in the rubber factory; but a pyrometer in con- 
tact with the caJender rolls has removed much of the guess- 
work and now provides not only a check on the calender 
man but an automatic record of roll temperatures and, in 
many cases, control of the heat supplied for maintaining 
the rubber in the proper plastic condition. Since rubber com- 
pounds themselves even in the plastic stage are very viscous 
and since they are poor conductors of heat, actual meas- 
urement during processing of the temperature of the mix- 
ture by automatic devices has not yet been successfully 
accomplished. 

In these forming operations, accurate control of dimen- 
sions is of extreme importance. This is especially true with 
coated tire fabric used for the construction of the carcass 
of pneumatic tires. A slight variation in gage, when multi- 
plied in the assembly by the combination of numerous plies 
to form the requisite thickness of wall, becomes serious both 
in causing waste of material and in creating subsequent 
difficulty in the molding operation. Unfortunately, plastic 
unvulecanized rubber is readily deformed by light pressure 
and the degree of accuracy which can be obtained by using 
the ordinary thickness micrometer or other pressure instru- 
ments is not adequate for these tire applications. Here 
again, instrument engineers have come to the rescue and 
have provided means for measurement and control which 
are used successfully to give the required accuracy and 
which do not depend on direct linear measurement of the 
thickness as is the case with mechanical micrometers. Two 
types of electrical measuring devices are employed and both 
can be arranged so as not only to measure and record con- 
tinuously the thickness of long rolls of sheet material as it 
passes through the calender but also to automatically adjust 
the actual setting of the calender in case of excess varia- 
tion so that the thickness is maintained within the permissi- 
ble tolerances. One of these devices consists essentially of 
an electrical capacitor in a resonant circuit, between the 
metal plates of which the coated fabric passes as it leaves 
the calender. The rubber sheet serves as the dielectric in 
the capacitor and variations in its thickness change the 
capacitance. Variations thus produced in the circuit with 
proper electronic amplification operate an automatic re- 
corder and can be used by suitable mechanization to actually 
operate motors and gears which will change the calender 
setting. The other common device consists essentially of a 
magnetic core carried on rollers which travel lightly on the 
rubber sheet as it passes over the calendar rolls. The core 
and the calender roll form a magnetic circuit. Primary and 
secondary coils are wound on the core. Variations in the 
rubber thickness change the air gap between the core and 
the roll, thereby varying the magnetic flux and the induced 
secondary current which operates a recorder. This device 
likewise is frequently used to control the setting of the 
calender. 

After rubber compounds are processed and formed and 
the prepared materials are assembled for practically any 
rubber product, the most vital operation of vulcanization is 
carried out. It was here that some of the first and most 
important applications of automatic instrument control 
were made in the rubber industry. Vulcanization involves 
chemical reaction between rubber and sulphur and the rate 
at which this reaction progresses is critically dependent 
upon the temperature of the material during the reaction 
and the time during which that temperature is maintained. 
Ordinarily, the reaction does not take place at any appre- 
ciable rate at temperatures under about 240°F. unless spe- 
cial catalytic agents are used but, as the temperature is 
increased, the rate of reaction increases rapidly. It follows 
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therefore that, by controlling the temperature and 

the reaction can be started when desired, allowe 

ceed to a given extent at a controlled rate and st 

will. In this way, the proportion of sulphur which 
combines with the rubber in any given mixture ca 
trolled within close limits. Since the physical prop: 

the vulcanized product are closely related to the pr 

of sulphur combined, such control of the reaction 

one to obtain with precision the final qualities desir: 
product. Many difficulties encountered in the ser 

dered by rubber products in the past such as pr: 
failure under stress, variations in hardness fro: 

to piece, premature cracking and embrittlement ha 

due to improper control of the vulcanizing condit 

time and temperature. Modern vulcanizing equipme: 
many types, using various sources of heat, but it is nearly 
always provided with a variety of gages and controllers 
which regulate pressures, steam temperatures and vulcaniz. 
ing time cycles. In the case of large valuable products like 
tires where the vulcanization process is complicated by the 
use of several heating and pressure media such as steam, 
water or air and where, because of the size and the poor 
conductivity of rubber, it is not possible to bring the entire 
mass to the same reaction temperature at the same time. 
very complex cycles of both time and temperature are neces. 
sary in order to obtain uniformity in the final product. Ay 
instrument engineer in designing and maintaining contro] 
equipment for such a purpose must indeed be a mechanical 
genius, an expert in the laws governing heat transfer and 
considerable of a chemical engineer in order that he may 
know what is happening in the process and may adapt his 
instrumentation to accomplish the desired results. Most re- 
cently, vulcanization is being accomplished by high-fre. 
quency induction heating and this is bringing an entire new 
set of instrument problems: now it appears that for this 
process alone the instrument engineer must have extensive 
knowledge of electrical engineering as well as the qualifi- 
cations previously required. 

Enough has been said concerning specific instrument ap- 
plications in the rubber industry to show conclusively that 
an instrument engineer must have the broadest possible 
fundamental training to work successfully in that field. The 
usual college course cannot provide the fundamental tools 
which he will need in all of the fields, and at the same time 
give him the degree of specialization which is required for 
mastery in a particular one or in any single industry. The 
latter must come after he enters the industry through trair- 
ing on the job or through extension courses in the particular 
fields where his major interests lie. It has been found, with 
young engineers trained in mechanical or electrical engi- 
neering who later take positions in instrument departments 
in the rubber industry, that a valuable procedure is to start 
them in the testing laboratories where the work is not too 
unlike that done in engineering laboratories in college and 
where they receive instruction in the special technology of 
the industry and become familiar with many of the types 
and uses of instruments commonly employed. Too much em- 
phasis, however, can hardly be placed on the importance of 
making certain during his training years that the instrv- 
ment engineer is thoroughly grounded in the fundamental 
sciences and the basic principles of all engineering so that 
he may have the necessary foundation upon which he cat 
later erect the superstructure of specialization as the need 
arises. If he is properly trained during his early period, 4 
big step will have been taken toward assuring him suitable 
professional status in his maturity. 

Instrument engineers have attained considerable recogni: 
tion as professional specialists in the rubber industry 4 
would be expected from their outstanding contribution 
the advancement of its technology. There are those, how: 
ever, who question whether the degree of recognition is ¢om- 
mensurate with the importance of their contribution as °vi- 
denced both by the extent of their authority and 
remuneration. If this is true, it can only be because 
engineers have been so intent upon the technical aspec 
their work that they have neglected to give sufficient « 
tion to professional development. In many cases an i! 
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jhat is a Constant Voltage Trans- 
ormer? —why is it necessary? —how 
loes it operate?—where can it be 
sed? what new developments 
have resulted from its world-wide, 
war-time use? — 

..« these and many other impor- 
ant questions are fully answered in 
his new SoLa handbook. 

The Constant Voltage Transfor- 


sonra pte fjomers 


mer is an exclusive SOLA product— 
the ONLY voltage regulating TRANS- 
FORMER. In principle, design and 
construction it is different and should 
not be confused with ordinary types 
of voltage regulating networks. 

It employs no tubes and has no 
moving parts. It is fully automatic 
in operation, it is not dependent on 
manual control or supervision and 


for: 
designers 
* 


manufacturers 


maintenance 
engineers 


users of 
electronic and 
electrically 
operated 
equipment 


Thirty minutes of interesting reading that will 
help you build a better product or get greater 
satisfaction from equipment now in use 


protects both itself and the equip- 
ment it serves against voltage surges 
or short circuit. It instantly cor- 
rects voltage fluctuations as great as 
30% to within + 1% of rated value. 
Your product will serve more peo- 
ple — better—with built-in Constant 
Voltage. There are SoLa units spe- 
cially designed for that purpose— 
fully described in this new handbook. 





Write for your copy 
You will find in this handbook a 
final answer to the problem that con- 
fronts every manufacturer or user of 
electrically operated equipment. 
Ask for Bulletin GCV-102 





Transformers for : Constant Voltage + Cold Cathode Lighting - Mercury Lamps « Series Lighting + Fluorescent Lighting + X-RayEquipment + Luminous Tube Signs 
Oil Burner Ignition + Radio « Power + Controls + Signal Systems + etc. SOLA ELECTRIC COMPANY, 2525 Clybourn Avenue, Chicago 14, Illinois 
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RATED RESISTANCE 
INDEFINITELY 


LECTROHM 10 WATT RESISTORS 


Lectrohm’s method of manufacture has established an 
enviable reputation as providing a most dependable, last- 
ing performance at rated resistance of any resistors made. 
They're solid—consistent performance—no variance over 
long hard usage. Resistance wire is silver soldered to the 
solder lugs by special process (not by torch method of 
brazing) for perfect electrical bond always. Wire and lugs 
are completely embedded in high temperature vitreous 
enamel. Write for complete data. 


aR PP Oo fF AT Bae 





5147 West 25th Street, Cicero 50, Illinois 
Division of the National Lock Washer Company, Newark, N. J. 
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_ EFRICIERT *% 





FYyBRGLASS ERASER 


Cleans, Polishes 
SMALL METAL SURFACES 


The Rush FysRctass Eraser cleans and polishes metal 
surfaces quickly, easily. In handy propel-repel pencil form. 
Refillable. Widely used for cleaning electrical contacts, 
commutators, any surface to be soldered. Removes enamel 
insulation from wires, graphite from resistance strips. 
Cleans drafting instruments. Lightning fast on typed or 
ink work. Saves valuable tracing paper, duplicator 
originals, costly printed forms, and the time of reworking a 
job. At your stationer’s or order direct. Satisfaction 
guaranteed or money refunded. 


0 Te 
FysRotass Refills... es 2 for 25c 


THE ERASER COMPANY —— 


265 W. Water St., Syracuse 2, N. Y. 
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ment man spends much valuable time attending t: 
cal construction and other minor details which c 
well be handled by skilled tradesmen working 























































supervision and who could thus conserve his tim the 
more important matters of design, adaptation and “al 
tional contacts. This does not mean that an instrun na 
should be above doing a manual job himself and, jeg, 
there are many occasions when this is absolutely ind) ng, 
ble—particularly in connection with experimental! de 
velopment problems. It is harder to work with one head 


than with the hands: the tendency to avoid conce rate; 
mental effort by substituting manual work should be » iste, 
A factor which is now making this even more impo nt ‘J 
the growth of organized labor in industry and the « titude 
of the unions in insisting that certain types of manu: effy 

be reserved for their members. Many engineers rese it thig 
and feel that their rights and privileges are being encroache 

upon. Looking at it from another viewpoint, howevy-r, th; 
policy of organized labor might be regarded as a po werfy| 
force driving the instrument engineer away from the prac. 
tice of a mere trade and into direct professional status j,) 
which he first acquires expert knowledge in his field by Jono 
training and apprenticeship and then serves primarily not 
as a worker but as a director of others, a creator of better 
things and an advisor of those who would use the products 
of his profession. 


Last spring, here in the city of Pittsburgh, an event oc. 
curred of such significance to the professional status of 
those concerned with the design, manufacture and use of 
industrial and scientific instruments that its importance 
can hardly be overestimated. This was the formation on 
April 28 of The Instrument Society of America which was 
created by the unanimous decision of fifteen local or sec- 
tional societies to join together into a national body. These 
individual groups had undoubtedly come into existence 
through the years because of the inherent benefits derived 
through association with one another of those who have a 
community of interest. Such local activities, while helpful 
to the individuals and pleasant in the friendships formed, 
contribute little to the advancement of a profession as a 
whole. The word “profession” has come to imply not only 
professed attainment in a specialized field as distinguished 
from mere skill but also a practical handling of problems in 
that field and the application of that special knowledge to 
the uses of others. Professional status therefore requires 
recognition by the public outside of the particular group 
concerned and, in its most rigorous sense, is usually attained 
only when some assurance is available that satisfactory 
qualifications have been met (and in some cases only when 
some official authority or license is granted). Membership 
in a national technical society can and often does serve to 
assure the public that minimum qualifications have been 
established and attained as judged by those skilled in the 
specialized field. Without such an organization, it is difficult 
to see how those concerned with instrumentation could be 
properly considered as having professional status at all. 


The nationwide movement in recent years for State regis- 
tration and licensing of professional engineers is another 
important step toward full professional status. In most of 
the States, engineers can now obtain offcial certification, by 
a competent board legally created by the State, to the e/fect 
that they are qualified by training and experience to prac- 
tice their profession. This is recognized by the courts aid is 
accepted by all in authority as proof of professional sta‘us 
Here again, as in the college courses, we find the field of en- 
gineering divided into traditional specialities and mos’ ©! 
these groupings correspond closely to those followed by ‘h' 
colleges and by the technical societies. In no case do we | 
an official listing of the profession of instrument engi! 
ing. Today, an instrument engineer must be register: 
one of the other branches such as chemical, electric 
mechanical engineering in order to use the title “Engin 
and to obtain the official recognition that he is a profess \4 























man at all. It would seem that a logical step for instru: °m™ 
engineers to take, now that they have their own tech ¢4 
society, would be to endeavor to have State regist mn 


boards for engineers recognize the instrument profess = 5 
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EV:RY DAY we are shipping these precision pres- 
sure gauges to be used in place of dead weight 
testers. They are accurate, dependable and easy 
to read, Delivery—2 to 6 weeks. 


RANGE FROM 0-25 Ibs. to 0-10,000 Ibs. 
8!/. 


N COLLABORATION 











Cylindrical, Tapered or Square Shaped 
F. S. Precision-Bore Glass Tubes are made to exact 
inside dimensions for applications where inter- 
changeability and precise bore are required. 

Inside diameter: 0.216mm (0.0085”) to 100mm 
(4”) kept accurate within .01 to .001mm (+.0004” to 
00004”), For: Manometers, Barometers, Viscosim- 
eters, Flowmeters, Gauges, Pumps and many other 
scientific, technical and industrial purposes. 

Ask for Bulletin PB-298 


Made of Pyrex or Kimble NC. glass 


FISH-SCHURMAN CORPORATION 
230 East 45th Street, New York 17, N. Y. 


Modern thermostatic bimetals—of the 
nickel-chrome-steel type developed by 
Chace—are frequently called upon to do 
exacting jobs under extremes of heat and 


cold. 


The bimetal element governing the safety 
pilot in a gas stove must operate perfectly 
in a flame temperature of 1200° F. The bi- 
metal element of a meteorological instru- 
ment at high altitudes must operate perfectly 
at 100° F. below. In aviation instruments, 
the actuating element must respond in- 
stantly and unfailingly—whether the plane 
is climbing through swiftly changing tem- 
peratures, is flying upside down, or is shoot- 
ing ahead at 400 miles an hour. 


Whatever your temperature responsive de- 
vice may be—and however difficult its 
operating conditions—you will find among 
Chace Thermostatic Bimetals one precisely 
suited to your needs. 


There are 35 types, each of which offers 
specific advantages to appliance or control 
manufacturers. Sold in sheets, strips, and 


finished forms. 
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Wizard Electric Counters 
grouped on a panel. 


Wonderful improvements in production 
control efficiency with important savings in 
time and materials are effected thru flex- 
ibility of application afforded by Wizard 
Electric Counters. 

Wizards count anything that will actuate 
a switch, relay or photo-electric unit. They 
may be installed at any distance from the 


source of count. 

A panel of Wizards can be arranged to give @ con- 
tinueus, up-te-the-second count on varied operations 
thruout the plant. Every production man should have 

infor i Catalog on request. 


P, rodaction ee Company 





702 W. Jackson Bivd., Chicago 6, Ill. 


Manufacturers of Counting, Timing and Recording Devices 





NORTON 
Lectrical Instruments 


(SHOCK-RESISTANT) 


PORTABLE & SWITCHBOARD AMMETERS - VOLTMETERS 


Norton instruments are precision bullt to maintain accuracy. 
Mand calibrated to meet exact needs. Widely used in Electronics, 
Aviation, Marine, Electrical, and Chemical Industries with test- 
ing equipment and apparatus. Send for complete catalog. 


NORTON Electrical Instrument Co. 


83 HILLIARD ST., MANCHESTER, CONNECTICUT 
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| a separate branch. A serious obstacle in such a 

| would seem to be that there is no school at pres: 

| likewise recognizes the profession of instrument en; 
or that has set up a specific training program to 
engineers for that profession. The suggestion js 
therefore, that serious consideration be given to th 

| lishment of such a course or at least to creating an , 

| recognized option in one of the existing engi 

|courses specifically pointing to the training of inst 

| engineers. 

When one thinks of the present lack of a formal « 
university course in instrument engineering he wond« 
this situation continues to exist. The answer is undo. 
found in the facts that industrial instrumentation j; 
tively new and that it is so complicated and involves so m: 
different branches of knowledge that no one has realiy 
competent to make the necessary choices and plan th 
quired courses of study. This same situation has exi 
heretofore in other cases. Some fifty years ago, anc 
| borderline field had no professional standing in its own 
and yet graduates were being called upon to practice i: 
field in industry without proper formal training. Many 
schools gave courses in chemistry and even specialized in. 
| struction in so-called industrial chemistry. The same schools 
| gave courses in mechanical engineering but the chemists 
| knew little mechanical engineering and the mechanical engi- 
neers knew little chemistry. In industry, men were needed 
who knew considerable about both and when the demand 
became sufficiently evident, certain forward-looking institu. 
tions faced the problem. They reviewed their courses in 
chemistry and in mechanical engineering. They discarded 
what could be dispensed with from each, retaining the fun- 
damental essentials of both which were then combined into 
a new course of training—and the Chemical Engineer came 
into being. He is neither a chemist nor a mechanical engi- 
neer but he is a well-trained engineer with a fundamental 
basic knowledge of chemistry which enables him to practice 
his profession throughout the whole enormous chemical 
industry. 

Another precedent might be cited: the Sanitary Engineer, 
who came into being as a result of a combination of the civil 
engineering and biological professions. 

Perhaps the creation of the Instrument Engineer profes- 
sion is a little more difficult than these older cases. Perhaps 
it involves the combination of more branches of knowledge 
than has previously been attempted, which may make the 
| choosing more difficult, but it seems certain that the demand 
| exists industrially for men who would be trained in such a 
| course and that its creation in the near future is inevitable. 
| With a fully-developed college course leading to a scientific 
| degree in Instrument Engineering, with State registration 
| of instrument engineers, with a national technical society 
| of instrument engineers and with the constantly increasing 

industrial demand for the services of men so qualified, there 
| could be no doubt that the instrument engineer had attained 
| full professional status in every respect and would receive 
| the advantages and benefits pertaining thereto. 








UNDERGRADUATE PREPARATION 
FOR THE FIELD OF INSTRUMENTATION 


(Continued from Page 787) 


| tells me that one of his most instructive laboratory instru- 
ments is an ordinary U-tube manometer. This manomete! 
had probably been broken and repaired at one time, fo! 
the two arms are of different diameters and a cha 
in the measured pressure causes the mercury to rise n 
| in one arm than it drops in the other. The student immedi- 
| ately observes this apparently strange phenomenon— 
asks why. The student is then asked what makes him t 
the change in level should be the same in both columns. 
results in considerable mental activity, all at the ex; 
of collecting data—all for the good of the student’s fi 
career. 

More attention must be paid to thought-provoking 
periments. It does little good for a student to take 





once he has learned to take data and record them acc: 





\YTHEON VOLTAGE STABILIZERS 


de ne 

dou tedly Ries. : 

oy Tela. * CONTROL OF OUTPUT VOLTAGE to within 
eal ran + 14%. This assures accurate operation of electrical 
n the re. equipment by stabilizing A.C. voltage from supply 


. aa mains where input often varies as much as from 95 
] HQ r 

own right to 130 volts. 

ce in this QUICK RESPONSE. Stabilizes varying input volt- 


ig. Many 


alized in- age within one twentieth of a second. Output varia- 
fe scheels tions cannot be detected on an ordinary voltmeter. 
chemists 


cal enc 4 STABILIZES at any load within rated capacities 
yf mee: from 95-130 V. and 190-260 V. 
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meses. ta * ENTIRELY AUTOMATIC. No adjustments. No 
rape mais, parts. No scm A magnetic unit as- 
ea aoe suring long, service-proof life. 
a oor * RAYTHEON VOLTAGE STABILIZERS are im- 
jamental proving performance of electrical equipment in a | 
practice wide variety of applications. ENDBELL MODEL 
chemical : 
ingineer, TABLE aos Ls fran 
the civil i. oe ; Catalog 
Number 
r profes- 
Perhaps VR-5 
10wledge ‘ z VR-6 
1ake the , a io — VR-7 
— LO i em, APPLICATIONS: 
evitable. * Radio * Television 
scientific lores, TABLE 2 Communications * Radar 
stration — ee DIMENSIONS IN INCHES * Motion Pictures 
‘ety chain ita ; Sound Recording 
acai : : Catalog OVERALL * Electronic Devices 
“ren a se | ‘ ; ‘ Number H * Constant Speed Motors 
d, there Production Machinery 
attained > ‘ hel 4% * Signal Systems 


receive ,o (< f 7 55% * X-ray Equipment 

1 6% * Testing and Laboratory 

8% Equipment 

% You'll find the complete story in 
Stabilizer Bulletin DL48-537. Write 
for your copy today. 























TABLE 3 
DIMENSIONS IN INCHES 


Catalog OVERALL YTH 

a ~ RAYTHEON 
L H Max. 

VR-1 | 7%A6 3% MANUFACTURING COMPANY 

VR-2 |7% As| 53A6 WALTHAM 54, MASS. 

VR-3 [12742 As| 5% 

VR-4 |15946|6% 7 
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DETAILS 
"LIQUIDS WORTH STORING ARE WORTH MEASURING” 


rue LIQUIDOMETER cone 


36-27SKILLMAN AVE., LONG iSLAND CITY,IN.Y. 


Ainor type 1760 


PORTABLE PYROMETER 


a long scale, sensitive accurate 
portable pyrometer, ideal for laboratory 
and similar service. 


Type 1760 Portable Pyrometer with the special thermo- 
couples provided, affords extremely accurate temperature 
readings. Long mirror scale and knife edge pointer make 
accurate readings easy. High internal resistance allows 
moderate variation in thermocouple size, and length of 
connecting wire, without affecting accuracy. Internal auto- 
matic cold end compensator is standard equipment. 

Type 1760 is available with single range and two range 
scale. Standard ranges from 0-300 deg. F. to 0-2500 deg. F. 
With rare metal thermocouple, range 0-3000 deg. F. Write 
for Bulletin 2416 with complete listings of all types. 


ILLINOIS TESTING LABORATORIES, INC. 


142 WEST HUBBARD STREET 
CHICAGO 10, ILLINOIS 


Page 854—Instruments—Vol. 18 





ly, unless by so doing he can be made to learn 
or to learn to think. 

A class of students in electronics was once told 
were to study a certain phenomenon in the labora 
class was assigned the task of designing the ex): 
set-up for the following week’s experiment (a ve: 
experiment). This was an excellent class of senior 
engineers and physics majors and graduate studen 
after the assignment was made, various solutions w 
sented. Everything was fine until the students were 
to specify the wattage ratings of the resistors j 
the ranges of the instruments to be used, etc. } 
the students had never thought about such things 
This turned out to be one of the most instructive expe ; 
they had had. Up to that time many of them tho 
laboratory was a place to take data. More thought 
these lines in all the courses from English and Math« 
to shop work would result in turning out much | 
graduates. Too many courses are so set up that a s 
can think he is learning when he is only memorizing. 
student can be taught to think and reason, the content of 
a course is of secondary importance. If existing facilities 
are properly used an engineering student will have littl. 
difficulty in understanding industrial instruments. 

Now let us discuss possible course work in measurement 
and control. It is out of the question to attempt to present , 
finished outline of a course, but it is possible to suggest 
some things worthy of consideration by anyone who pro- 
poses to teach such work. 

The first question that arises is what type of engineers 
ought to take special work dealing with instrumer.tation. 
Perhaps the need is greatest for metallurgical and chemical 
engineers. We then have electrical, mechanical and aero- 
nautical engineers to consider. The inclusion of these five 
groups rather broadens the scope of thé work that must 
be included in a single course. Certainly metallurgical and 
chemical engineers ought to become familiar with the whole 
field, so it might be possible to outline a full year’s work 
for these men. A course with emphasis on the measurement 
phases of Instrumentation might suffice for mechanical and 
electrical engineers whereas an additional treatment of 
servomechanisms could be of value to an aeronautical en- 
gineer. 

The following subjects should receive attention in a 
general course on industrial instrumentation: Temperature, 
humidity, pressure, flow, liquid level, specific gravity, pH 
and gas analysis. The course should cover fundamental 
means of measuring these variables with a discussion of 
accuracy of measurement, lag and reproducibility of the 
primary measuring element. These same points should be 
discussed in considering industrial instruments for meas- 
uring these variables. The effects of lead lengths to instru- 
ments and ambient temperatures on instruments must mt 
be forgotten. The laboratory could be reasonably complete 
if it included the following equipment: (controls are recom- 
mended so as to allow these same instruments to be used 
in studying control). 

1. Standards for calibration. 

2. Pressure and mercury recording thermometer with 
proportional reset control. 

8. Indicating millivoltmeter pyrometer with on-off « 
trol. 

4. Self-balancing recording potentiometer. It woul: 
desirable to have both pneumatic and electric proporti 
reset control with this instrument. 

5. Pressure indicator. 

6. Differential-pressure flowmeter and area type fi ¥- 
meter. 

7. Pump and capacity and auxiliary equipment for ! 

8. Pneumatic controller with diaphragm valve for di 
ential-pressure flowmeter. 

9. Small controlled gas-fired heat-treating furnace 
an adequate opening to permit sudden load changes. 

10. An electric furnace with control would also b 
sirable. 
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YESTERDAY—SOMCO research 

and “know-how” experience played 
its part to hasten Victory. It can now be revealed 
that SOMCO craftsmanship performed an impor- 
tant part in the production of the Atomic Bomb. 
Further, SOMCO was awarded five Army-Navy 
citations for “continued outstanding production”’ 
during the war years. 


TODAY—SOMCO is prepared to extend the 
benefits of this vast wartime experience to your 
peacetime optical needs. We are ready—with new 
methods, new ideas, new products. Ready to con- 
tribute our experience and knowledge for the 
development of your own postwar plans. 


SOMCO products can play an important part 


in your plans. Keep posted on 
iy , g SOMCO product developments. 


Our research, engineering and 
production staffs are at your serv- 
ice. Consult us freely. 


Omco 


SIMPSON OPTICAL MANUFACTURING CO. 


3200 WEST CARROLL AVE., CHICAGO 24, ILL. 
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KNOW THE EXACT 
OF YOUR VALUABE 


WRITE for 
COMPLETE 
DETAILS 


"L1QUIDS WORTH STORING ARE WORTH MEASURING’ 


rue LEQUIDOMETER cor: 


36-27SKILLMAN AVE., LONG ISLAND CITY,IN.Y. 
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Rlnor type 1760 


PORTABLE PYROMETER 


a long scale, sensitive accurate 
portable pyrometer, ideal for laboratory 
and similar service. 


Type 1760 Portable Pyrometer with the special thermo- 
couples provided, affords extremely accurate temperature 
readings. Long mirror scale and knife edge pointer make 
accurate readings easy. High internal resistance allows 
moderate variation in thermocouple size, and length of 
connecting wire, without affecting accuracy. Internal auto- 
matic cold end compensator is standard equipment. 

Type 1760 is available with single range and two range 
scale. Standard ranges from 0-300 deg. F. to 0-2500 deg. F. 
With rare metal thermocouple, range 0-3000 deg. F. Write 
for Bulletin 2416 with complete listings of all types. 


ILLINOIS TESTING LABORATORIES, INC. 
142 WEST HUBBARD STREET 
CHICAGO 10, ILLINOIS 
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ly, unless by so doing he can be made to lear: 
or to learn to think. 

A class of students in electronics was once tol; 
were to study a certain phenomenon in the labo: 
class was assigned the task of designing the ex; 
set-up for the following week’s experiment (a v: 
experiment). This was an excellent class of senior 
engineers and physics majors and graduate stude 
after the assignment was made, various solutions , 
sented. Everything was fine until the students were 
to specify the wattage ratings of the resistors 
the ranges of the instruments to be used, etc. 
the students had never thought about such things 
This turned out to be one of the most instructive exp 
they had had. Up to that time many of them thx .; 
laboratory was a place to take data. More though 
these lines in all the courses from English and Math«: 
to shop work would result in turning out much 
graduates. Too many courses are so set up that a 
can think he is learning when he is only memorizi: 
student can be taught to think and reason, the con 
a course is of secondary importance. If existing fa 
are properly used an engineering student will hav. 
difficulty in understanding industrial instruments. 

Now let us discuss possible course work in measu 
and control. It is out of the question to attempt to prese 
finished outline of a course, but it is possible to si 
some things worthy of consideration by anyone wh 
poses to teach such work. 

The first question that arises is what type of engineers 
ought to take special work dealing with instrumentation. 
Perhaps the need is greatest for metallurgical and chemical] 
engineers. We then have electrical, mechanical and aero- 
nautical engineers to consider. The inclusion of these five 
groups rather broadens the scope of thé work that must 
be included in a single course. Certainly metallurgical and 
chemical engineers ought to become familiar with the whole 
field, so it might be possible to outline a full year’s work 
for these men. A course with emphasis on the measurement 
phases of Instrumentation might suffice for mechanical! and 
electrical engineers whereas an additional treatment of 
servomechanisms could be of value to an aeronautical! en- 
gineer. 

The following subjects should receive attention in a 
general course on industrial instrumentation: Temperature, 
humidity, pressure, flow, liquid level, specific gravity, pH 
and gas analysis. The course should cover fundamental 
means of measuring these variables with a discussion of 
accuracy of measurement, lag and reproducibility of the 
primary measuring element. These same points should be 
discussed in considering industrial instruments for meas- 
uring these variables. The effects of lead lengths to instrv- 
ments and ambient temperatures on instruments must not 
be forgotten. The laboratory could be reasonably complete 
if it included the following equipment: (controls are recom- 
mended so as to allow these same instruments to be used 
in studying control). 

1. Standards for calibration. 

2. Pressure and mercury recording thermometer with 
proportional reset control. 

3. Indicating millivoltmeter pyrometer with on-off con- 
trol. 

4. Self-balancing recording potentiometer. It woul: 
desirable to have both pneumatic and electric proporti 
reset control with this instrument. 

5. Pressure indicator. 

6. Differential-pressure flowmeter and area type | 
meter. 

7. Pump and capacity and auxiliary equipment for 

8. Pneumatic controller with diaphragm valve for d 
ential-pressure flowmeter. 

9. Small controlled gas-fired heat-treating furnace 
an adequate opening to permit sudden load changes. 

10. An electric furnace with control would also | 
sirable. 
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YESTERDAY—SOMCO research 

and “know-how” experience played 
its part to hasten Victory. It can now be revealed 
that SOMCO craftsmanship performed an impor- 
tant part in the production of the Atomic Bomb. 
Further, SOMCO was awarded five Army-Navy 
citations for “continued outstanding production” 
during the war years. 


TODAY—SOMCO is prepared to extend the 
benefits of this vast wartime experience to your 
peacetime optical needs. We are ready—with new 
methods, new ideas, new products. Ready to con- 
tribute our experience and knowledge for the 
development of your own postwar plans. 


SOMCO products can play an important part 
in your plans. Keep posted on 
SOMCO product developments. 
Our research, engineering and 
production staffs are at your serv- 
ice. Consult us freely. 


Omco 


SIMPSON OPTICAL MANUFACTURING CO. 


3200 WEST CARROLL AVE., CHICAGO 24, ILL. 
CAMERA LENSES ®@ PRISMS 
SOUND OPTICAL SYSTEMS 
AND LENS COATING FOR LOW REFLECTION 
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Model 
6-D-6-1 
PRODUCTIMETER 


Ideal for designing right into the machines you're 
building . . . to meet industry’s demand for built-in 
counting control. 

You can specify this model, or one of the many counters in 
the Productimeter Line, with the assurance of accuracy, 
dependability, long service and satisfactory performance 
in automatic counting. 

Write for complete details and 


— a concise ready reference 


Bulletin No. 100 catalog of 100 standard models. 


DURANT MANUFACTURING COMPANY 


114 Orange Street 
Providence 3, R. I. 


1914 N. Buffum Street 


Milwaukee |. Wisconsin 














With a war record of more than one hundred and 
fifty million successful “missions” to their credit, IRC's 


BTS INSULATED METALLIZED RESISTORS 
have given unquestioned evidence of their complete 
dependability. 

The exact counterparts of these —_ 
efficient and precision-engineered aul ai ay, 
“veterans” are now available in % 
quantities for your own essential 
requirements. 


For complete technical dota write for 
Bulletin No. 3. Address request to Dept. 16-K 
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INTERNATIONAL RESISTANCE CO. 


401 BROAD ST., PHILADELPHIA 8, PA. 
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11. Equipment for gas analysis and for the 1 
of specific gravity, humidity, and pH would just 
plete the list. The measurement of these var 
ever is not as common as measurement of the 


‘ ireme 
ut con 
S how 


tioned. Several types of thermocouples with a vithe 
wells should be included to permit studying tl! spee 
of response. 

The course work on automatic control should : ene 
the general problem of control. Servomechanis mig} 


well be discussed from the fundamental mecha: poir 
of view. It would be extremely helpful to correlate 
tions and defined quantities in mechanical contro] . 
with those associated with electric circuits and ith 4 
control of flow, liquid level and temperature. The »ompley 
ities in certain types of control may then be studied inelyd 
ing effects of lags, load changes, etc. One may then diseyg 
the practical control methods which attempt to 
existing problems, tying together all of the compl 
measurement and control. 


With a gas-fired furnace and with the flow-control equiy 
ment mentioned above, it will be possible to set up cond 
tions which pretty well simulate actual control problems, 

The precise character of the course or courses 1 
urally vary from one school to another and will be t: 
extent influenced by the department which offers th« 4 
There are literally hundreds of types of control devices, } 
the general problem is the same for all of them. The fund, 
mental variables to be measured and the fundamental] pri 
ciples of operation of instruments are few in spite of th 
almost infinite variety of instruments. If this fact is born 
in mind in setting up new courses, the job will not appea 
so difficult. 

I have carefully avoided the question “What departmer 
is best fitted to give a course in Instrumentation and Co 
trol?” As Dr. C. E. Mendenhall suggested 26 years ago, 
the meeting of the American Institute of Metallurgica 
Engineers, such a discussion is likely to lead to a rise | 
temperatures too high to be measured by present method 
Certainly we have not developed means for their contro 
The person teaching such work should insofar as _possibl 
acquaint himself with these problems by studying processe 
in industrial plants. It would be a mistake to assume tha 
the library can furnish all the background «required. 

Again let me emphasize the value of studying the preset 
curriculum before adding new courses, and the necessit 
for close codperation between departments. After all, th 
student ought to have the highest priority of anyone in 
college, and courses should be devised for him, not for th 
department. 
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Statement of the Ownership, Management, Circulation, etc., Required by the Acts 
Congress of August 24, 1912 and March 8, 1933 of Instruments published month 
at Pittsburgh, Pennsylvania, for October Ist, 1945. 

State of Pennsylvania, County of Allegheny, (ss). 

Before me, a Notary Public in and for the State and county aforesaid, persons! 
appeared Richard Rimbach, who, having been duly sworn according to law, dep 
and says that he is the Publisher of Jnstruments and that the following 1s, 4 
the best of his knowledge and belief, a true statement of the ownership, managend 
(and if a daily paper, the circulation), etc., of the aforesaid publication for the ¢ 
shown in the above caption, required by the Act of August 24, 1912, as amended 
the Act of March 8, 1933, embodied in section 537, Postal Laws and Regulatio 

Wa 
1. That the names and addresses of the publisher, editor, managing editor, 
business manager are: 

Publisher, Richard Rimbach, Pittsburgh, Pa.; Editor, M. F. Behar, Pittsburg, P 
Managing Editor, Richard Rimbach, Pittsburgh, Pa; Business Manager, 1) 
Rimbach, Pittsburgh, Pa. 

2. That the owner is: (If owned by a corporation, its name and address | 
stated and also immediately thereunder the names and addresses of stockholders om 
ing or holding one per cent or more of the total amount of stock. 

Instruments Publishing Co., Inc., Pittsburgh, Pa. 


M. F. Behar, Pittsburgh, Pa.; Jackson Burgess, Freeport, Mlinois; R. K. Farh 
Newark, N. J.; M. D. Pugh, Altadena, Calif.; Martha B. Rimbach, Pittsburzh, ! 
Richard Rimbach, Pittsburgh, Pa.; Freda Seibert, Pittsburgh, Pa. 

8. That the known bondholders, mortgagees, and other security holders owning 





holding 1 per cent or more of total amount of bonds, mortgages, or other unit 
are, None, 

4. That the two paragraphs next above, giving the names of the owner 
holders, and security holders, if any, contain not only the list of stockhold 
security holders as they appear upon the books of the company but also, 
where the stockholders or security holder appears upon the books of the CO! 
trustee or in any other fiduciary relation, the name of the person or corpor 
whom such trustee is acting, is given; also that the said two paragraphs conta 
ments embracing affiant’s full knowledge and belief as to the circumstances * 
ditions under which stockholders and security holders who do not appear 
books of the company as trustees, hold stock and securities in a capacity or 
that of a bona fide owner; and this afflant has no reason to believe that * 
person, association, or corporation has any interest direct or indirect in 
stock, bonds, or other securities than as so stated by him, 

Richard Rimbach, 


Sworn to and subscribed before me this 2lst day of September 1945. 
(SEAL] Louis D. Vockel, Not 
(My commission expires May 
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Instrument Societie 





Instrument Society of America Holds Organization Meeting 


OLLOWING after the ISA-CIT Conference 


(which was attended by most delegates) 
the Instrument Society of America held an 
organization meeting at Pittsburgh on Fri- 
day, October 19th and Saturday, October 
20th, attended by delegates, alternates, 
members and guests, from fourteen §6So0- 
cieties (see tabulated attendance report). 

The meeting was called to order by Pres- 
ident pro tem Albert F. Sperry, who called 
upon each committee chairman to make a 
report on his committee activities to date, 
so that all delegates were given the oppor- 
tunity to fully discuss the various details 
presented. Much time was devoted to cer- 
tain articles in the proposed Constitution, 
the amount and method of collection of 
dues, publications being planned, the sched- 
uled “Exhibit” next year, and other matters 
of general interest. 


CONSTITUTION TAKES SHAPE 

Constitution Committee Chairman M. H. 
White (Philadelphia) reported at the Fri- 
day meeting that the major comments 
seemed to be regarding classification of 
membership, and method of election of offi- 
cers. A lengthy discussion then ensued on 
those two points during both days. Some 
delegates favored only one full-member 
grade, others recommended a lower-grade 
member who would pay less dues, in addi- 
tion to the Junior or Student grade. When 
voting on these matters on Saturday, the 
majority of the delegates agreed on four 
grades: Honorary Member, Member, Asso- 
ciate Member, and Student Member. 

Then the question was put relative to 
election of officers, attention being directed 
to the difficulty of electing, by letter ballot, 
men who were best able and willing to 
serve. When voted on, the majority of the 
delegates approved election of officers by 
the Board of Directors; the Nominating 
Committee to furnish a list of nominees as 
obtained from the Sections. 

After the Constitution had been _ re- 
written to incorporate these changes, each 
article was separately voted on, and the 
complete Constitution was unanimously ap- 
proved by the delegates in the form as re- 
written. The Constitution Committee put in 
a lot of concentrated effort, and their final 
draft was completed in the early morning 
hours. The Executive Secretary will now 
send copies of this approved Constitution to 
all Sections for ratification. 

The Constitution Committee will now 
start work on compiling the By-Laws, and 
copies of same will later be sent to the 


on Instrumentation and the University 


Sections also, but it is not considered that 
such By-Laws will require ratification by 
the Sections. 

EXHIBIT Now DEFINITELY SCHEDULED 

Exhibit Committee Chairman Paul G. 
Exline (Pittsburgh) advised that the “Ex- 
hibit and Conference” is to be held Septem- 
ber 16th to 20th, 1946, in Pittsburgh. He 
reported that 130 exhibit booths will be 
available, according to present plans, 
although more may be added if necessary ; 
and that 62 manufacturers had already re- 
served 92 of those booths. He proposed that 
the theme of the Instrumentation Exhibit 
might be “Future Types and Uses of In- 
struments.” He called attention to the large 
amount of work that will be necessary to 
make the Exhibit a real success, and pro- 
posed that various sub-committees be or- 
ganized to take care of the over-all plan- 
ning, program, publicity, also liaison with 
the technical societies and manufacturers. 
The majority of the delegates agreed that 
all such committees should be appointed 
from the Pittsburgh Section so that all 
work together to best advantage. 


SocrrETY NEEDS MONEY 

Finance Committee Chairman H. E. Fer- 
guson (Chicago) called attention to the 
questions of dues, “sustaining’’ membership, 
manufacturer contributions, and _ other 
forms of income that must be settled before 
any budget can be planned. Several of the 
delegates then offered ideas as to the 
amounts of dues for the different grades of 
membership, also the proportionate share 
to go to the Sections. When voted on, unan- 
imous approval was given the following 
schedule of annual dues: 

Member—$10.00. 

Associate Member—$5.00, 

Student Member—$2.00. 

It was also agreed that bills for dues be 
sent out by the Executive Secretary who 
would send out receipts, and then he would 
transmit 50% of the dues to the Sections. 
Much discussion then ensued regarding 
“sustaining’’ membership and/or contribu- 
tions from manufacturers, and it was finally 
agreed to let this be tabled for the present. 
Attention was called to the financial con- 
dition of the Society, and that some money 
would be needed to keep going before the 
1946 dues could be collected. After discus- 
sion, it was decided to ask each Section 
Treasurer to contribute as soon as possible 
an amount equivalent to $1.00 per member, 
such amount to be considered as an ad- 
vance payment on 1946 dues. The Secretary 
pro tem stated that the billing work would 


ATTENDANCE AT PITTSBURGH MEETING OF THE L.A. 
Roosevelt Hotel, October 19th and 20th, 1945 


Section Delegate 


Alternate Guests 





Wm. E. Mahaffay 


Chicago 


R. D. Webb 

H. H. Barnum 
Morris Underwood 
Wade’ Allen 

Philip Ewald 

R. F. Roberts 

Cc. O. Fairchild 

E. Bainbridge 

M. H. White 

A. BE. Shafer 


Charleston 
Detroit 
Indianapolis 
Kalamazoo 
Muscle Shoals 
New Jersey 

New York 
Northern Indiana 
Philadelphia 
Pittsburgh 


R. H. Munch 
W. A. Wildhack 
W. G. Baker 


St. Louis 
Washington 
Wyandotte 
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H. E. Ferguson A. L. Sperry, R. R. Proc- 
ter, Earl C. Rieger, D. 


Dickey. 


J. Steven, C. Holz. 


Cc. Kayan 


J. Johnston 
R. J. S. Pigott P. G. Exline, W. R. Gray, 
M. F. Behar, R. Rimbach, 


L. M. Susany. 


R. C. Darnell 


be much reduced if it could be sp: 
the entire year, instead of mailiy 
bills at one time. Collection of 1946 
left open for later discussion. 
MEMBERSHIP INCREASING 

Membership Committee Chairm 
Fairchild (New York) reminded 
gates that the ultimate success of t 
ity will be largely due -to the coi 
extended by each and every mem} 
our present membership will hav« 
doubled or tripled in order to have 
ety with a satisfactory financial st 
was announced that the Society n 
1411 members in 18 Sections who have 
joined, that St. Louis is now in the Society, 
and two new sections have been formed, at 
Kalamazoo and Muscle Shoals. Attention 
was directed to the new membership bro- 
chure that was issued during the past sum- 
mer, which has since been widely distrib- 
uted, many copies going to men who have 
written for information. It was suggested 
that the membership chairman of each Sec- 
tion should keep in close touch with D; 
Fairchild, so that he can work with then 
and have the benefit of ideas that will pro- 
mote interest in the Society, also help hin 
in the selection of cities where new Sections 
should be organized. : 

The make-up and form of a proposed uap- 
plication form was discussed, and attentior 
directed to the space provided for the appli- 
cant to indicate the grade of membership 
desired, also space for the Section to 
approve such membership grade; the idea 
being that the application form would be 
sent to the Section for approval of grade of 
membership only. 

OTHER COMMITTEES ACTIVE 

Nominating Committee Chairman R. D 
Webb (Charleston) stated that he had not 
been able to make much progress, as he had 
been forced to wait until the decision had 
been made as to how the officers were to 
be elected. Now that election is to be made 
by the Board of Directors, he plans to 
contact each Section for suggestions as to 
candidates for offices in the Society, and 
will appreciate their recommendations. 

Program Committee Chairman R. C 
Darnell (Washington) spdke of the differ- 
ent types of program that can be arranged 
scientific, technical, manufacturers, also th: 
establishing of training courses with the co- 
operation of instrument manufacturers. H' 
called attention to the assistance that can 
be given to the Sections, by distribution of 
information regarding topics for meetings 
names of speakers, available movies, etc. 

Publication Committee Chairman W. A 
Wildhack (Washington) offered some good 
ideas as to a bulletin that might be issued 
in the near future, that would help to keep 
the Sections better informed regarding the 
Society doings, but it was decided to post- 
pone action on this until the Society’s finan- 
cial condition improves. Bill Wildhack asked 
that the Sections keep him advised as to the 
types of booklets, or kinds of publications 
that would be desirable to develop, 
whether there should be an attempt to ! 
clude advertising to help defray the c 

Subcommittee Chairman Philip Ew 
(Muscle Shoals) submitted various des 
for an insignia that could be made up f 
Society pin, also for use on stationery. I 
sion could not be reached; the matter 
therefore referred back to the Committ: 

Employment Committee Chairman ! 
bach reported progress and told of the 
ous correspondence that he had been 
ing with those seeking employment, 
also with companies having vacancies 
reported that two members had re 
secured employment through the effo 
his committee. He called attention 
fact that his employment facilities ar 
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BUL! <TINS TELL THE 
WHOE RELAY STORY 


Bulletin 105-“Little Giant Relay” 

single pole, single and double throw. 

Controls “4 HP on 115-230V. 

Bulletin 106—Midget Relays for light 
able in single and double 
e and double throw, 

pulletin 81-Intermediate Duty Relays 

in single and Itipole arrang ts, 

single and double throw. 

Bulletin 362-Motor Driven Time De- 

loy Relays for operation on alternating 

current. 

Bulletin 104—Midget Relay for tight 





places—Vibration resistant-Double Pole, 
Double Throw-Available for 6 to 115 
volts A.C. or D.C. 


Bulletin 131 and 132-Heavy Duty 
Relays single and multipole, single and 
double, contacts rated up to 25 amp. 
on 125-250V. 


Bulletin 251-Sensitive Type Relays 
for direct and alternating current oper- 
ating on .014 watts. 


Bulletin 351-Thermal Time Delay 
Relays with thermostat built into relay 
assembly. 


Bulletin 103-Aircraft Power Relay. 
Single Pole, Single Throw for 24 volts 
ot 25 amps. D.C. Withstands high values 
of acceleration of gravity, shock, and 
vibration. 


WARD LEONARD RELAYS include types and sizes for every 
application. They all have crisp action, are dependable and 


durable yet consume but little 
bulletins of interest to you. 


ex 


Electric control 


current. Send for the data 


devices since 1892 


Offices in all principal cities 


WARD LEONARD ELECTRIC COMPANY 


38 SOUTH ST., MOUNT VERNON, N. Y. 








¢ : 
&, FRICTION 
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RADIAL: 1/8” to 5/16” O. D. 
PIVOT: 2 MM to 10 MM O. D. / 


Send for Bulletin P.E. 8-45 K> pS oP 
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KEENE, NE 
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TURE/Zecésion BEARINGS 


HAMPSHIRE, U 








Types RT-12 and 
RT-14 (heavier) 


T-15 


Types RT-1, 

1 RT-2, RT-4, 

Types RT-6, RI-5 
RT-8, RT-9 


to Fit the 


@ Rex-Tube isn’t a cure-all, of course. 
But within its capacity this rugged, 
flexible metal hose will handle effi- 
ciently and economically just about 
anything you give it to do. There are 
sizes and types, for example, that range 
from oil can spouts ... to heavy-duty 
tubing used in steaming out tank cars. 


Production men throughout indus- 
try know that many of their exacting 
problems can be solved with Rex-Tube 
or with the other flexible metal hose 
products in the complete C.M.H. line, 
including: Rex-Weld, Rex-Flex S.S., 
Avioflex and Cellulined. We know we 
can help you, too! Write today for 
Booklet E-144. 


Flexible Metal Hose for Every Industrial Use 





There’s a REX-TUBE Type 


Most Exacting Application 


aa 
ICAGO METAL HOSE Corporation 


MAYWOOD, ILLINOIS 


Piants: Maywood and Elgin, Ill. 
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to all, and not necessarily limited to mem- 
bers of the Society. He is planning to send 
out a questionnaire to all Sections, and asks 
that each Section appoint one of its mem- 
bers to coéperate with him so that employ- 
ment opportunities will be available in all 
parts of the country. 

DELEGATES ENJOYED SOCIABLE EVENING 

Upon adjournment of the Friday session, 
all members and guests enjoyed a get- 
together cocktail party, followed by a group 
dinner in the Presidential Suite of the 
hotel, that had been reserved for our meet- 
ings. After dinner, a humorous movie was 
shown, entitled “How Not to Conduct a 
Meeting”; and then an exceedingly illumi- 
nating illustrated presentation was made 
by R. R. Proctor on the subject: “Distribu- 
tion, Diffusion and Transfer Coefficients,” 
which was not so dry and theoretical as 
some outsiders might imagine, but was 
most entertaining in its originality. It was 
after this sociable evening that the Consti- 
tution Committee took themselves off to a 
quiet: (?) corner, where they proceeded to 
prepare the final draft of the Constitution, 
to reconcile all of the ideas expressed dur- 
ing the day’s sessions, And they continued 
working until the early morning hours. 

After the formal- adjournment of the 
Saturday sessions, another dinner was ar- 
ranged, with Pro-tem Vice-President Carl 
Kayan presiding. At the end of the dinner, 
the conversation turned to the question as 
to where shall we meet again, whereupon 
an invitation was extended by H. H. Bar- 
num (Detroit) that the next Society meet- 
ing be held at Detroit. A motion was made 
and unanimously carried, that we should 
meet next at Detroit early in the Spring of 
1946, the date to be later settled. 

Although many delegates drifted away 
on Saturday evening, some of them re- 
mained for breakfast on Sunday, also con- 
gregated in various hotel rooms for more 
discussion, until their departure by train, 
by plane, or by automobile. 

—RICHARD F. ROBERTS, 
Chairman Publicity Committee 





CHARLESTON, W. VA. 

“Flow Measurement and Kindred Sub- 
jects” was the subject of an address given 
by H. V. Beck of the American Meter Com- 
pany at the October meeting of the Charles- 
ton, W. Va., Section, LS.A. 

Mr. Beck discussed the basic principles 
of flow measurement and the various fac- 
tors to be considered in designing a flow 
measurement installation. He pointed out 
the advantages and disadvantages of flow 
nozzles vs. the flat plate orifice and dis- 
cussed the use of orifice flanges. 

An interesting discussion period followed 
Mr. Beck’s talk and many pertinent ques- 
tions were answered. 

—M. B. Loria, Secretary 


FORT WORTH 

The Fort Worth Electronics Club _ re- 
sumed its regular monthly meetings on 
September 20, after a two-month recess. 

Ray Basham of Consolidated Vultee 
Corp. presented a program on “Recently 
Released Electronic Devices” used by the 
Aircraft Industry, at this meeting. 

H. F. Spreen of the Texas Electric Serv- 
ice Company conducted the program for 
the October 18th meeting, his subject being 
“Electrostatic Detearing.” 

We are looking forward for many in- 
teresting meetings this year. It would be 
a pleasure to the members if you should 
find the opportunity to visit Texas. 

W. H. FAarrinaTon, Sec.-Treas. 


KANSAS CITY 

At the October 30th meeting of the Kan- 
sas City Industrial Instrumentation Society, 
R. J, Hunter of Standard Oil Co. presented 
the names selected by the Nomination Com- 
mittee, as follows: For President—Wm. G. 
Eargle, Phillips Petroleum Co. and Lester 
Johnson, Sinclair Refining Co. For Vice- 
President—John Marsh of Corn Products 
Refining Co, and Robert Cook of Westing- 
house Electric Corp. For Secretary-Treas- 
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urer—Oliver Boutros of Boutros Instrument 
Co. and Lee Lewis of Economy Equip. Co. 

Baker Manley of J. F. Pritchard Co. 
presented a basic lecture on “Control Valve 
Sizing for Reciprocating Pumps.” Baker 
did a fine job in explaining how this should 
be done and went one step further by pre- 
senting each member with a mimeographed 
sheet including the necessary formulae and 
tables, for ready future reference. 

Our “Quiz Kids,” Roy Carns of Sinclair 
Refining Co., Lee Lewis of Economy Equip- 
ment Company, and Bob Spengler of H. O. 
Trerice Co., handled all the questions with 
the exception of two. We’ll throw one of 
the questions open to all of you reading 
this, and that is “What is the maximum 
temperature and pressure rating for which 
12” to 24” automatic control valves have 
been designed.”” We would appreciate some- 
one helping our “Quiz Kids” on this. 


Our guest speaker, L. K. Spink of Fox- 


boro Co., presented a splendid illustrated 
talk on “Flow-measurement Engineering.” 


He had all the answers! The members ob- 
tained a world of information on the in- 
stallation and maintenance of flow devices. 
Mr. Spink presented each member with a 
copy of his “Characteristics of Differential 
Flow Meters and Factors Affecting Their 
Operation.” All the members enjoyed this 
meeting immensely and we thank Mr. 
Spink and Foxboro Co. for making it possi- 


ble. —W. A. REICHOW, President 
NEW JERSEY 
The 1945 fall season of the Society for 


Measurement and Control opened on Octo- 
ber 2, 1945, at the Essex House, Newark. 
The meeting was attended by 60 members 
and 42 guests, 

During the introductory portion of the 
meeting, Vice-president W. C. Ludi out- 
lined the proposed program for the 1945-46 
season. It seemed obvious that we have an 
excellent outlook in prospect. 

Our speaker, E. R. Huckman of Foxboro’s 
New York office, presented an interesting 
chalk talk on air-operated control. He de- 
veloped his thoughts by considering each 
of the four basic types, on-off, proportional, 
proportional plus floating and derivative. 
Mr. Huckman’s approach was unique and 
he encouraged discussion by calling for 
questions at the end of his remarks on each 
type of control. The questions were thought- 
provoking and the discussions were lively. 

Mr. Huckman emphasized the importance 
of each type of control, its limitations and 
applications. During the discussions, he 
drew on his fund of information gained 
through experience, stressed especially the 
applications and answered most of the 
questions with examples. 

His talk went to prove that even though 
we are dealing with an exact science, ex- 
perience is still the best teacher. 

—H. S. CLose, Secretary 


NORTHERN INDIANA SOCIETY FOR 
MEASUREMENT AND CONTROL 
EDUCATION—FRATERNITY—DEMOCRACY 


The Northern Indiana Section of the 
Instrument Society of -America held its 
October meeting on the evening of Octo- 
ber 19, at the Lake Hotel in Gary, Ind. 

Following the dinner the meeting was 
turned over to C. B. Moore of Moore Prod- 
ucts Co., Philadelphia, who presented a 
talk on the Null Balance method of pneu- 
matic control. The talk was illustrated 
with colored slides and was so interesting 
and well presented one could have heard 
the well-known pin drop at any time dur- 
ing the address. 

He cautioned against comparing pneumatic 
null balance to electrical null balance, and 
his slide clearly depicting all control func- 
tions in one graph, went over in a big 
way. His down-to-earth definition and ex- 
planation of derivative control gave many 
of us a clearer picture of that control func- 
tion. 

The substance of this talk may be found 
in an article by Mr. Moore in the Septem- 
ber issue of Instruments. 











Mr. Moore proved to be an terta; 
as well as an educator when h eS 
talk with humorous incidents 
drawn from his experience in 





























fiel 
Instrumentation. "7 
The meeting adjourned with a ember 
agreeing they had spent the eve. ng mou 
profitably. —EDWARD \ 
Publicity 
WASHINGTON 
The October meeting of the I trum, Gu: 
Society of Washington, held Oct 16 i 
the Interior Department Auditori m, y, t 
addressed by Mr. Gordon Rosh Engi 
neer of the Aeronautical Divisio: of 1, pre 
Minneapolis-Honeywell Regulator 
The speaker described and ex! bites MB (0 
number of electronic controls anc instr, 
ments recently developed by his c: mpanyimyitho 
The working models were made ® vailabid 
for inspection and operation by the ay fimor $e 
ence following a question period. 
It was announced that at least six repp.gmeven 


sentatives of various Government ageng 
would attend the Conference on 
mentation and the University at Pittsburg 
—W. A. WILDHACK 
Corresponding Secretary 
WYANDOTTE 

At the October 22 meeting of the Instr, 
ment Society of Wayne County, the ill 
trated lecture on telemetering by Pem 
Borden of the Bristol Co. was very instr 
tive and very much appreciated. We we 
greatly interested in the ingenuity a 
variety of the devices used. Few of us kne 
that telemetering devices were in 4 
eighty years ago. 

We are glad the I.S.A. meeting will } 
held in Detroit next spring, and several 
us will attend its sessions. 

—JOHN MACPHERSON, Vice Presider 









THE AUSTRALIAN SOCIETY OF 
INSTRUMENT TECHNOLOGY 
2nd October, 1945 
Exhibition of Industrial Instruments 
Melbourne, Australia, 1947. 

The Australian Society of Instrume 
Technology is taking steps to organise 
public Exhibition of Industrial Instrument 
in Melbourne early in 1947. The date ha 
been put well ahead to enable exhibito 
to make suitable arrangements, and ls 
to enable the fullest scope for the displ 
of post-war designs. 

The Society is a non-partisan body a 
the purpose of the Exhibition is to impro 
the knowledge and use of instruments 
industry and to be of interest to membé 
of the Society, industrialists and the publ 
generally. 

The Society intends to seek the help 
manufacturers, importers and retailers ' 
instruments on the broadest basis, and a! 
firms willing to assist, or interested to tal 
part in the organisation are invited 
register their names with the Honora! 
Secretary. No financial commitments 2 
involved in thus registering. Overse 
manufacturers are specially invited to tal 
part. 

The general arrangement of the Exhib 
tion will probably be to rent stands | 
exhibiting firms. Stands will be suppli 
with electric power (230-volt 50-cycle a.¢ 
compressed air and running water, so 48 
enable working exhibits to be disp/ayé 
The Exhibition will probably last one § 
two weeks, 

An illustrated and descriptive cata!osv 
will be published, and the Exhibition 
expected to be a good advertising me !iU 

The Society’s activities are princ pa 
concerned with the use of measurin:. ! 
cording and automatic controlling 4d vi 
in industry, and it is not intended to P 
vide for the Exhibition of general °ng 


neering plant, except as it has a bi iil 

on instruments. 
Further information will be pu! - 
able 


from time to time as it becomes av‘ 

The address of the Society is 93 V 
Street, Melbourne, Australia. 

—P. A. CRIVELLI, 

Honorary Secr: 7 
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CALENDAR 


SOCIETIES 
Date Plece 


Blue Flame Room, 
Atlanta Gas Light Co. 


Engineers Club, 6 W. 
Fayette St., Balto. 


Kanawha Hotel 


INSTRUMENT 


City, Society and Secretary 

Robert E. Geminert, P.O. 
Box 1714, Atlanta 

FP. Ragan, Fuel Div., Beth 
Steel, Sparrows Pt., Md. 
M. B. Lorig, 1506 Virginia 
Charleston 1 








Georgia Society for 
Measurement & Control 


Baltimore Industrial In- 
| _srumentation Society 


Charleston Instru- 
ment Society St., 


Atlanta, — 
Georgia } 





W. D. Laver 
hermor Therm. & I; 


Electronic Potentiometers W P Wills 
(Annual Business Masting) 
Combustion Control T. A. Cohen, 
Wheelco Co. 
P. A. Borden, 
Bristol Co. 
M. J. Boho, 
Hagan Corp. 
Bruce A. Irwin 


Mason-Neilan ( 


Strain and torque L. S. Wasserma 
meas. in aircraft AAC, Wright F 
Displacement Meters E. W. Jacobson, 
Gulf Research 

(To be announce 


Application of Valves C. E. Mason, 

in Automatic Control Bristol Co. 

New Optical Tools J. W. Forrest, 
Bausch & Lomb 


Nov. 29‘©) Liquid in Glass 


Baltimore, 
Thermometer 








Char leston, 

W. Va. 
Telemetering 

Boiler Control 

Control Valves 





A. J. Butler, ¢/o IHC, 2636 (To be announced) 


W. 31et Blvd., Chicago 
Jan. 7°) 
Feb. 4(®) 
Mar. 4°®) 


Apr. 1(®) 


(To be announced) 
(To be announced) 
(To be announced) 
(To be announced) 


Cleveland Engineering 
Society 


Instrumentation in 
Plant Design 





h, Minne- 
— Euclid 


spol Hovey 


25 a me Eng'g 
12800 Oakland Ave. Det't 


J. W. Moffett, 323 
E. Mobile St., Florence 


Ralph Ely, 1116 E. Arlingtoa, 
Fert Worth 


C. D. Hoke, 2409 Lake Shore 
Dr., Pect Arthur, Texas 
Gustave L. Manke, ¢/o Veeder- 
Root, Sargent & Garden Sea; 


Cleveland Instrumenta- 
tier Society 





lastrument Society 

of Detroit 

Muscle Shoals Instru- 
ment Society 








Texas Hotel, Fort Worth 











ASA Standards E. J. Bryant, 
Greenfield Tap & Die 
Fred W. Lingel, Triplet: 
Elec. Inst. Co, 

Dave Nemeer, 
——" Nickel Co. 


Sheffield Corp. 
Dr. R. 


Nov. 20(®) 
Dec. 18‘) 
Jan. 22(8) 
Feb, 19(®) 
Mar. 19(®) 
Apr. 168) 


Bond Hotel 
Bond Hotel 
Bond Hotel 
Bond Hotel 
Bond Hotel 
Bond Hotel 


Testing Elec. Inst's 
Practical Inspection of 
Metals 

Use of Air in Gaging 
Electron Microscope 


Comparison of Materials 


or Gages Moore, Norton Co. _ 





Kansas City, KC Industrial Instru- Bluebird Cafeteria 
___ Missouri mentation Society 


saohegries California Instrument 
N. J. 


New York, New York Society for 
N. ¥. Measurement & Control 


Gordon H. Burke, 1427 Broad- 
way, Kansas City, Mo. 

M. D. Pugh, $41 South 
Spring St., Los Angeles, Calif. 
H. S. Close, 831 Dixie Lane, 
Plainfield, N. J. 








Melody Lane, 
Los Angeles 


Essex House 





Instrumentation in In- Julius J. Berger, 
dustrial Power Plant Cons. Ener. Newark 
Selling Inst. Dept. M. H. White, 

to Management Atlantic Ref. Co. 


(Joint meeting with N. J. Soc.—see above) 


L. K. Spink, 
Foxboro Co. 


Nov. 15°») 
Dec. 4(®) 


for Measurement 


& Control (New Jersey) Essex House 





Essex House, 
Newark. N | 
Columbia U. Men's 
Faculty Club, 400 
W. 117th Se. 


Lake Hotel, 740 Wash- 
ington St.. Garv 

Ultra Modern Dining Rm. 
Indianapolis Blvd., 

E. Chicago, Ill. 


Broadwood Hotel, 
Broad & Wood Sts. 
Broadwood Hotel, 
Broad & Wood Sts. 


Nov. 15°5) 
Nov. 26(®) 


H. L. Hildenbrand, a 


33d Ave., Bayside, L.I., N.Y. a 





Earl Bush, 

Brown Inst. Co. 
B. Hovland, 
W. Murphy Co. 


Pneumatic Control 


What, Where, Why & 
How of Draft 


Nov. 16 
Dec. 14(©) 


C. P. Haynes, Red River Oi! 
Refinery, 935 — 177th Place, 
Hammond, Ind. 


Northern Indiana 
Section, 1.8. A. 








. O. Fairchild, 
C. J. Tagliabue Co. 
Edward Grace, Albert 
Krieg 


Role of Galvanometer 
in Recorders 
Maintenance Problems 
in Refinery Inst'tion 


Nov. 21) 
Dec. 19) 


SES Tedielit Soctay for 


Pa. Instrumentation 


G. E. Gress, c/o ATC, 34 E. 
Logan Se., Philadelphia 











Pittsburgh Section, 
1.S.A. 


L. M. Susany, c/o Carnegie 


Institute, 4400 Forbes Se. 


Nov. 26° 
Dec. 17) 


Roosevelt Hotel 
Roosevelt Hotel 


Electronic Methods 

of Metals Testing 
Diaphragm Motor Valves 
and Components 


Dr. E. R. Mann, 

ts one Labs. 
E. Eige, Fisher 

— Co. 


Walter T. Buhl, 


Captured Gyro Inst’s 
Jack & Heinez 


Roosevelt Hotel 
Roosevelt Hotel 


Jan. 28) 
Feb. 25(®) 
Mar. 25°®) 


Fractionating Column Lyman H. Allen, Jr. 
Control Amer. Viscose Corp. 
Inst. Maintenance in M. H. White, 

Oil Refinery Atlantic Ref. Co. 
Contro! Valve Char- R. Rockwell, 
acteristics Mason-Neilan Co. 


Roosevelt Hotel 


Apr. 228) Roosevelt Hotel 





Gas Holubeck, Union Elec- 
tric Co., Venice, tl. 

C. F. Palmer, 2924 J. C. 

Hwy., Kingsport 

T. C. Agnew, 

Honeywell Reg. Co 

W. A. Wildhack, National 

_ Bureau of Standards, Wash'n 


DeSoto Hotel, 11th 
& Locust Sts. 





Kingsport Inn 





G. E. Bourne, Canadiss 
Genera! Electric 


Dr. A. G. McNish 
Lester E. Demler 


Contributions of 
Research to Progress 


Precision Magnetic 
Compasses 

Custom Calibrated 
Aneroid Inst’s 


Chez Paree Restaurant, 
220 Bloor Se., W 


Interior Dep't 
Auditorium 
Interior Dep't 
Auditorium 


Nov. 15) 








Nov. 20) 
Dec. 11) 





Lloyd Clouse, 7344 Dante 
Ave., Chicago 19, Illinois 


Wilson Fox, 33 Chestnut 
yandotte, Mich. 





Electrical Measuring 
Instruments 


Monsanto Auditorium, 
Trenton, Mich. 


(C) Dinner at 7, meeting at 8 


Nov. 26(?) 





(B) Dinner at 6:30, meeting at 8 
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on H-B Mercury-Thallium 


: Thermometers 
@ H-5 has available or in stock (Catalog No. 42) A.S.T.M. 
> Kinematic Viscosity thermometers for use at temperatures be- 


low the freezing point of mercury. These instruments, A.S.T.M. 
specification EI (43F-45T), are mercury-thallium filled and 
have a range of from minus 61 to minus 29° F. in 1/5° gradua- 
————J tions and with a fundamental reference point scale at 32° F 


J Catalog No. 43 features Mercury-Thallium Filled Thermometers 
for freezing point determination of recycle styrene as specified 
in Office of Rubber Reserve LABORATORY MANUAL 2.2.11.1 
J dated 9-10-45. Range minus 42 to minus 29° C. in 0.05 divisions 


Y Die and with fundamental reference point scale at 0° C. Request a 

, Triplet J complete list of Mercury-Thallium Thermometers. H-B Instru- 
: ment Company, 2525 No. Broad St., Philadelphia 32, Pa. 

ickel Co, 







© THERMOMETERS THERMOSTATS ¢ RELAYS 
THERMO-REGULATORS « HYDROMETERS 


fl OoOusLE B 
DIAMOND 





= for Rapid Convenient and 
VITA LEER MALLL ALLE 
use the SWEDISH 
INTERNAL 
INDICATOR 
GAGE 


—- fii 
| 


~/ This light, easily han- 

dled instrument when 
used by machine operators, 
or on final inspection, serves 


tal to increase production, reduce 

scrap and assure a more uniform product. It 
“Bis a reliable, precision indicator designed 
____ffor rapid, convenient and accurate measure- 
____f/ment of internal diameters. The scale range 
me Bis: Plus or minus 0.001” graduated to 0.0001” 
jb 


and minus .020” graduated to .001”. 


Write for Circular I 





Me SWEDISH GAGE CO. OF AMERICA 


8900 ALPINE AVE.. DETROIT 4, MICH. 








Your new product will 
perform better and have 
additional sales appeal 
.-. with a dependable 


A modern, scientifically engineered motor, 
such as any one of many different sizes and 
styles made by Oster, is of prime importance in 
making your product perform satisfactorily. 


The model E-8 Oster Motor illustrated above 
gives you the advantages of light weight, com- 
pactness, and dependable, trouble-free perform- 
ance. Here are the details: 


HOUSING — Die cast, open or totally enclosed. 
FINISH — Black, baked enamel. 
BEARINGS — Single or shielded ball bearings, or 
sleeve bearings. 
BRUSHES — Furnished with metal graphite or 
electro graphite brushes of ample size to assure 
unusually long brush life. Phosphor bronze or 
beryllium copper brush springs. 
WINDINGS — Available for operation on 12, 24 
or 115 volts, in shunt, series, and split series types. 
MOUNTINGS — Available for either base or flange 
mounting. 
MODIFICATIONS — Motors can be furnished with 
special shaft extensions, finishes, leads, ete. 
Motors can also be furnished for pune in 
high ambient temperatures and ; 
high altitudes. 
All ratings and data 
are approximate. 
Let us help you fit this and other famous 
Oster Motors to your requirements. 


John Oster Manufacturing Co. 


- DEPARTMENT N-29 e RACINE,. WISCONSIN 
M-29R8 | 
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AUTOMATIC 
STAFF LATHES 


Instrument Lathes « Attachments 
Micromills 








PLEASE WRITE FOR FREE 


INSTRUMENT LATHE 
AND TOOL CATALOG 


R. P. GALLIEN 


220 WEST FIFTH STREET, LOS ANGELES 13, CAL. 
Precision Instrument Equipment—Tools and Suppiles 











In this department we report new literature pertaining to Instrumentation, received om th, 
manufacturers. We urge readers to request ONLY those bulletins which will be of jue 
them. Use the no-stamp-needed card on the facing page. 

sini 

M-288 Dimensional Quality Control M-294 Wiseometer. 4-page 8% 
Primer. 26-page 6” xX 9” booklet is de- pamphlet describes the function the 
scribed as a simplified method for ap- viscometer in taking up the job of moto, 
plying statistical quality control to di- protection where oil pressure 1d oij 
mensions. Contents: (1) An explanation level gages leave off. Heat, cold, ution 
of dimensional quality control, (2) Addi- deterioration and all other factors tha 
tional advantages of dimensional quality affect an oil's ability to lubricat, are 
control, (3) Simplified method of apply- constantly checked. The instrument pro. 


ing statistical quality control to dimen- 
sions, (4) Sampling procedure leading to 
the formation and use of quality control 
charts, (5) How to obtain the control 
limits, (6) Constructing the chart, (7) 
Interpretation and use of the charts, 
and (8) Supplementary methods and in- 
formation useful in the application of 
quality control. Federal Products Corpo- 
ration, Providence 1, Rhode Island. 
M-289 Machinists’ Tools and Gages. 4- 
page 84%” xX 11” file folder pictures and 
describes the following improved tools: 
self-adjusting toggle clamps, A.S.A. drill 
bushings, machinists tools and gages 
which include depth micrometers, sur- 
faces gages, screw pitch gages, thickness 
gages, engineers gages including wire, 
thickness and taper blades, and dupli- 
gage for drill hole inspection and utility. 
Products Engineering Co., 9045 Wilshire 


| Boulevard, Beverly Hills, California. 





— 


DIALS - PANELS + PLATES 


made to your precise engincer- 
ing specifications in etched 
metals and finishes. 


f rv a 
METAL ETCHING CO. 


21-03 44th AVE. 
LONG ISLAND CITY, NEW YORK 
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M-290 Communication Equipment for 
Aircraft. 4-page 8%” X 11” pamphlet pic- 
tures and describes the “RTA-1B” com- 
munication equipment for aircraft which 
has been developed for the requirements 
of the air transportation industry. A 
complete general description of the equip- 
ment is given and transmitter and re- 
ceiver specifications are listed in detail. 
Bendix Radio Division of Bendix Aviation 


| Corporation, Baltimore 4, Maryland. 


M-291 
pege 8%” 


Portable Type Pyrometers. 4- 
x 11” pamphlet pictures and 


| describes the Huppert Lance type port- 


able pyrometer as an instrument par- 
ticularly adapted to reading the tempera- 
ture of molten metals (exclusive of fer- 
rous metals) and liquids. Also the Hup- 
pert prod-type portable pyrometer for 
hot, solid surfaces such as sheet metals, 
engine heads, castings, bearings, billets, 
etc. K. H. Huppert Co., 6830 Cottage 


| Grove Avenue, Chicago 37, Illinois. 


M-292 “A New Era in Flow Rate Meas- 
urement.” 30-page 8%” x 11” Catalog 


| Section 10-C, (third revised edition) dis- 


cusses and illustrates the advantages of 
the rotameter for flow rate measurement. 
The contents cover high accuracy, linear 
flow curve, wide flow range, ready visi- 
bility of the metering elements and fluid, 
immunity of the rotameter to variations 
in viscosity and specific gravity, chemical 
corrosion resistance, low pressure loss 
and handling of condensibles. Fischer & 
Porter Co., 93607-C County Line Road, 
Hatboro, Pa. 

M-293 Hydraulie Pullers. 6-page 8%” 
xX 11” folder pictures and describes the 
center hole hydraulic puller as the jack 
which accelerates pulling of wheels, 
gears, keys, propellers, pistons, valve 
seats, wrist pins, bushings, cylinder lin- 
ers, shafts, boiler tubes, pipe and ship 
stern tubes. It lifts, pushes or pulls and 
can be rigged up—as as press, to weigh, 
test or use as a conventional jack. Tem- 
pleton, Kenly & Co., Chicago 44, Illinois. 





vides a scientific method for mir zing 
motor-wear. Visco-Meter Corp., 320 Grote 
St., Buffalo, N. Y. 

M-295 Negative Temperature Coe ilicien; 
Resistance Material. 4-page 8%” » 1)" 
folder describes “Keystone NTC”’ resist. 
ance units with resistance values froy 
10 to 300 ohms at 25° C., having ar 


age decrease in resistance with tempe 
ature approximately 1% to 2% per de. 
gree Centigrade. A temperature- resist. 
ance graph shows typical chara ris- 
tics. Keystone Carbon Co., In St 
Marys, Penna. 

M-296 Anti-Capacity Switch. pag 


ecienes 


214%” xX &” leaflet pictures, diagrams ani 


describes the anti-capacity switch used 
for many purposes where a quick change- 
over of several circuits is required; par- 
ticularly suited also for experiments 
work in laboratories where multi-pur- 
pose apparatus is being built, also i 
production testing equipment, Federal 
Anti-Capacity Switch Corp., 1200 Ni 
St., Buffalo, N. Y. 

M-297 “Apparatus Headliners.” 4-pag 
8%” xX 11” pamphlet features a 
metric analyzer for quick carbon deter: 
minations in iron and steel laboratories 
Accurate results (within two points in 
the second decimal place) are secured 
within two or three minutes after plac: 
ing the boat in the combustion tube 
Boder Scientific Company, 907-909 Penn 
Ave., Pittsburgh 22, Pa. 

M-298 Vibro-insulators, 12-page 8’ 
<x 11” booklet pictures and describes 
various types of rubber mountings for 
the elimination of vibration. In addition 
to many pictured applications and dia- 
grams the descriptive matter covers 
(1) Selecting the proper vibro-insulator 
2) Methods of mounting, (3) Applica 
tions, (4) Table of Characteristics, (i 
Load-deflection curve to assist in se! 
tion of the proper mountings. B. F. ¢ 
rich Company, Akron, Ohio. 

M-299 Electrical and Mechanical Equip 
ment Catalog. 226-page 8%” X11” hint 
book of information, is also a catal0s 
of aviation electrical and mechanic# 
products, arranged with an introdu:t 
(Lear’s background and pioneerin 
electro-mechanical aircraft contro 
tuation) and seven sections cov: 
each classification of products: (1) iD 
ear actuators, (2) rotary actuators 
power units, (4) screw jacks, (5) fle 
power shafting and accessories, 
motors, and (7) controls. All of the 
products listed are fully  illust: 
many with cutaway pictures sh« 
the construction pattern. Install 
drawings, operating curves, data t 
etc., are given in each section. Lea! 
Piqua, Ohio. 

M-300 Pressure and Flow Regu 
4-page 8%” X 11” pamphlet dé 
operation and characteristics of 


VQiu- 


ble 


(¢ 


or. 
es 


reque 











Oe ilicient 
ye xa 





6-page 
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5 4 th control of suc- 
: sul or flow in any gas or ail 
w This instrument is used in 

with a power cylinder and a 

1 under pressure to control 

f _ i wide variety of industrial 
xt s, Precise regulation ove i 
# S nge of pressures varving 
rection of an inch water colum}) 
in is claimed. Hagan Corp 

Hag dz Pittsburgh, Pa 

' M Differential Pressure Indicator. 

¢ . 11” Bulletin No, 1102 de- 

Mode 163" as a small, sturdy 
suitable fo is With hig 

ssures and vet not subject to 
xtren ove inging i as 

S to n suring ates of flow 
evels. The pressure-responsive 

S unique rupture-proo bel 

S imped betwee two pres 
sings tha surround pposite 

4 s econstru on provides high 

yressu chambers, separated in 
t? t nless piston. Suitable fo 
g cp Ssures up t sO00 Tbs. /in 
itor can be enalibrated ) i! 
pressu ! nee tron - 50 
Bat n Instrument CC 2380 
St., Los Angeles 11, Calif 
M “What's New in the World of 
cience.” 12-page 6” 9” booklet helps 
nd interpret a few of the new 
sclentif t! kit ind achieve 
evel tiel bring ‘ s 
ndit ‘ t Ss Wwe d in which we 
Ve d ob the prog ss of ou} 
t es ! (1) Smok 
) Se s be Ving, (3) Artificial 
1) Elevet i king (5) 
Stee (#) It’s yvoman’s wat 
4 s | dful tlies high (8) 
! ! \ (9) Ringside ! 
s seat (10) Be Vast powel ind 
) ] ull dor Wit mirrors. General 
eC Schenectady, N. ¥ 

M- Twin Seal Check Valve, (-pig 

11” folds pictures and describes 

n seal principle of valve control 

? sed i metal-to-metal seat 

S Silient ng seal on the poppet 

\\ \ \ e losed th shape of 
leaves space into whic t! 

ssure squeezes the esilient Fey 

gt pressu th tights the 
to 10,000 Ib n Suitable f 

gas, et ny mediun 

les ucTIVe t ibbet syntl the 

be Mansfield & Greet 1601 Euelid 

leveland 3, Ohio 


“Synehro-Cyeclie’ Timer, 2-pac: 





11” bulletin describes the on-oft 
n ng of circuits when re- 
t repe i int vals. TI instru- 
ntains fou elavs wl op ite 
s itive nd repeating rade Only 
iv is energized at a tin Bac 
gS ¢€ gized f pe i of s 
is nutes r hours as indicated by 
sponding ijustmer rm s 
£. Applications include t ] nd 
hanical tests off” and 1 tiple 
ling 1 and mi l roe- 
8 nd automat ven and heate 
tior Rowe Rad Research I 
( 2422 No Pu sk Rd., ¢ 
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= TORQUE 
= WRENCH 


-HEAR-FEEL-SEE- 


there are 


in continuous 


ready exceeded 











Sogn ae flections 
et r?. ay 
PSEA, ~s ath accurate 


adjustment 


. get the facts 


Pa |/STurTEvanT /co. 
ADDISON [QUALITY] ILLINOIS 





HE WORLD’S LARGEST MANUFACTURERS OF TORQUE WRENCHES 


today 


without 


service 


1,000,000 de- 


servicing 


WRITE 
FOR BULLETIN 


SW-13 


, just a year ago 
STURTEVANT 


Sensory Torque Wrenches which 
still in daily use 


Here is a new thing in torque 


control you should know about 
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When you want 
accurate and depend- 
able automatic temperature 
or humidity control forIndustri- 
al Processes, Heating or Air Cond- 
itioning Systems, call in a Powers 
engineer. With over 50 years of ex- 
perience anda very complete line of 
self-operating and air operated 
controls we are well equipped to 
fill your requirements, 
Write for Circular 2520 
2734 Greenview Ave., Chicago 
Offices in 47 Cities—See 
your phone directory. 
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